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I DID not anticipate that a new issue of Vol. I. would be required 
before Vol. II. saw the light ; but such is the case, and I feel I owe 
an apology to my readers for the delay with the latter. However, 
I may point out, in part extenuation, that a recent book — The 
AUemating-Current Circuit — and one about to be published — Electric 
Wiring, Fittings, Switches, and Lamps — are really portions of 

Vol. II. published in advance. 

W. P. M. 
"MiLBER," Waddon, Subbey. 

May, 1898. 
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This Third Edition of a work which first made its appearance at 
the end of 1892, and which has been most favourably received by 
both teachers and students, is practically a new book. It has been 
entirely re-written, and supplied with a great many new illustra- 
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tions ; the chief additions in Vol. L being Chap. Y. on Electric Bell 
Fitting, and Chap. YL on the Magnetisation of Iron. 

To 3fr, Charles H. Yeaman I am deeply indebted for mnch Tain- 
able help in the writing of the work, and in the revision of both 
MS. and proofs ; and I be^ to crfSsr him my Tery sincere thanks. 

Most of the new drawings have been executed by Mr. H. L. Mills. 

Thongh this work will, I tmst, be foond really elementary so far 
as regards the technics of Electric Lighting and Power Distribution, 
the reader is expected to have some acquaintance with the funda^ 
mental principles of the science of Electricity and Magnetism, such, 
for instance, as is afEbrded by my Firtl Book of Hedrieity and 
Magnetitm. 

Paragraphs 130, 133, and 131, relating to the Swinburne Instru- 
ments, recently appeared as a aeries of articles by me in the 
EUetrieal Engineer. 

In spite of the very careful reyision to which the work has been 
snhjucteAj there may possibly be some errors ; and there are sure to 
be various points on which di£Eerences of opinion exist, or which are 
not clearly dealt with. Of these I shall be most thankful for in- 
timation from any of my readers. 

W. P. M. 

^ MiLBCB,^^ Waddo>, Subskt. 
AprU, 1896. 
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I AM much indebted to Mr. James Swinburne, M.I.E.E., for giving 

me the benefit of his experience by revising the proofs, and making 

many valuable suggestions. 

W. P. M. 

^ MiLBER," WaDOOV, SuRKET. 

October, 1892. 
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I ELECTI^IC LIGHTII(G AND POWER DISTI[IBUTIO!(. 

f AN ELEMENTARY MANUAL OF ELEGTBIGAL 

\ ENOINEEBINO, 

VOLUME I. (5th EDITION). 

CHAPTER I. 

The figures refer to the numbered paragraphs. 

Force, 1. Different kinds of Force, 2. Mass and Weight, 8. Units, 
4. Decimal Prefixes to Units, 5. Metric Measures, 6. The 
C. G. S. or Absolute System of Units, 7. Work, 8. Power, 9. 
Various kinds of Work, 10. Electrical Work and Power, 11. 
Equivalents of Work and Power, 12. Energy, 13. Difference 
between Energy, Force, Work, and PowA, 14. Momentum, 15. 
Questions, page 15. 

* 1. Force. Force is that which produces or tends to 
produce motion or change of motion of matter. When a 
body is set in motion it is because a force has been ap- 
plied to it. In order to increase or decrease the motion 
of a moving body, or to stop it, it is necessary to apply 
force. 

Take, for example, a g6u:den roller upon a smooth 
level path. To produce motion of the roller it is neces- 
sary to apply force, either by pushing or pulling at the 

1 B 
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handle. When once the roller is in motion, it is com- 
paratively easy to keep it moving. To make it go 
faster or slower, i.e., to change its motion, it is neces- 
sary to apply extra force. To stop it suddenly when 
in motion, i.e., to change its motion from something 
to nothing, a good deal of force must be exerted. 

Force does not always produce motion. Suppose, for 
example, that a man tries to move a heavily-laden 
railway truck standing upon a line: he might exert 
all the force of which he is capable without moving 
the truck an inch. This would be a case of force 
tending to produce motion. The man could not 
move the railway truck, because he is not capable of 
applying sufficient force to it. An engine, being able 
to exert very much more force, could move the truck 
with ease. As another case in which force tends to 
but does not produce motion, let us suppose a train of 
railway trucks standing on a line, with an engine at 
each end, one pushing one way and one the other. If 
the engines exert* equal forces, their driving wheels 
will merely slip round without producing any motion 
of the train. 

* 2. DrPFBRBNT KINDS OF FoROB. There are diflfer- 
ent kinds of force. First of all there is the force of 
gravitation, in virtue of which bodies will fall from 
a higher level to a lower whenever able. The force 
which a man exerts when he lifts a heavy body or 
knocks another man down, is muscular force. The 
force which a horse exerts in drawing a carriage is 
muscular force. The force which a steam engine 
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exerts is mechanical force^ dne in the first instance to 
the force of expansion of the steam upon the piston. 
We have an example of chemical force when a mixture 
of coal-gas and air in a room is ignited, and the result- 
ing explosion blows out the windows. Electromotive^ 
force is a force producing or tending to produce a flow 
of electricity (§§ 27, 30, 45, etc.) : and magnetomotive- 
force ^ is a force which produces magnetism, f.e., it sets 
up magnetic lines (§§ 90, 92). 

The amount of motion produced in a train, for 
instance, i.e., the rate at which it moves along the line, 
depends upon the force exerted by the engine. Simi- 
larly, the rate of " flow of electricity " (the resistance 
of the circuit remaining constant,) depends upon the 
electromotive force : and the number of magnetic 
lines set up depends upon the magnetomotive-force. 

The term magnetomotive-force refers to the mag- 
netic effect of a current of electricity flowing round 
a coil or coils of wire, and is clearly a result of an 
electromotive-force setting up that current: thus it 
will be seen the two are very closely related. 

As electricity and magnetic lines can hardly be 
thought of as matter, the definition of force given in 
§ 1 would seem to require some alteration ; but it is 
the one that is generally accepted. 

* 3. Mass and Weight. The mass of a body is the 
quantity of matter in it : the weight of a body is due 
to the force of gravity acting upon this matter. The 

^ This term is not altogether a well defined one, hut is help- 
ful to the student. 
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larger a body, i.e., the greater the quantity of matter in 
it, the more it will weigh, so that apparently, weight 
is the same thing as mass ; but this is not so. As we 
said before, weight is due to the force of gravity acting 
on a body. Gravity is a force tending to pull bodies 
towards the centre of the Earth. Now this force 
diminishes as we get further away from the surface 
of the Earth, above or below ; so that the force of 
gravity acting on a lump of lead, for instance, would 
be greater at the sea level than at the bottom of a 
mine, or up in a balloon ; or in other words, it would 
weigh more in the first case than in the second. But 
the mass of the lump of lead would not alter, there 
would be just the same quantity of lead in it in each 
case. The Earth is not a perfect sphere, the distance 
from its centre to the surface being greater at the 
equator than at the poles : consequently, the force of 
gravity, and therefore the weight of a body, is slightly 
less at the equator than at the poles. 

This difference in the weight of bodies at different 
parts of the Earth ; or the difference between the weight 
as measured in a balloon at a considerable height, 
and at the Earth's surface ; is too small to be readily 
appreciable, yet a difference does exist. This differ- 
ence would not be detected at all if the body were 
weighed in an ordinary balance, however delicate ; for 
the simple reason that just as the pull of gravity on the 
body in one scale-pan increased or diminished, its pull 
upon the " weights " in the other scale-pan would in- 
crease or diminish in exactly the same proportion ; so 
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that balance would be obtained by the same " weights " 
at any part of the Earth. 

By means of a very delicate spring-balance (Fig. 21), 
the difference in the pnll of gravity on a body at 
different localities could be detected. 

Though mass and weight are not the same thing, 
yet we can ineasure the mass of a body very con- 
veniently by its weight. Thus, a body weighing 16 
grammes has twice the mass or quantity of matter in 
it as a body wei^iing 8 grammes, at the same place 
(§ 6). 

* 4. Units. Whenever we measure anything, such 
as the mass of a body, or its length, or a duration of 
time, we express the result according to the number of 
units. 

Thus we say a ton of iron, a yard of wire, a second 
of time. In these cases, the ton, the yard, and the 
second are various unitSj of mass, length, and time 
respectively. 

In ordinary every-day life we measure mcLss (or 
weight) in ozs., lbs., cwts., or tons, etc. ; length in 
inches, feet, yards, miles, etc.; and time in seconds, 
minutes, hours, etc. These measures are not good, 
however, because of the use of different names to 
measure the same kind of thing ; and also because of 
the trouble in reducing a value from a higher unit to 
a lower, or vice versd. For instance, to reduce a ton 
step by step to ozs., we should have to multiply by 20, 
4, 28, and 16 : or to reduce a mile step by step to 
inches, it would be necessary to multiply by 8, 40, 5 J, 
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3, and 12. To express, say 30 lbs. as a fraction of a 
cwfc., or 100 yds. as a fraction of a mile, would take 
time, and necessitate the use of pencil and paper. 

In the metric or decimal system, derived from the 
French, there is only one name to remember in con- 
nection with each set of measures, and the multiples 
and sub-multiples of a unit increase or diminish by 10, 
so that all calculations are easily and quickly made ; 
the translation of a value to a higher or lower denom- 
ination being merely a matter of moving the decimal 
point to the right or left. 

 5. Decimal Prefixes to Units. The following 
are the metric or decimal prefixes to units : they may 
be used with any units, and they increase or diminish 
the values as follows : — 



Meg or Mega 

Myria 

Kilo 

Hekto 

Deka 



one million times 1,000,000 
ten thousand times 10,000 
one thousand times 1,000 
one hundred times 100 

ten times 10 



Deci 
Centi 
Milli 
Micro 



unit. 

= one-tenth 

= one-hundredth 

= one-thousandth 

= one-millionth 



Thus :— 

Megohm 

Mvria-volt 

Kilogramme 

Milli- ampere 

Microfarad 

Centimetre 



1 million ohms. 
10,000 volts. 
1000 grammes. 
'001 ampere. 
•000001 farad. 
*01 metre. 



1- 

01 

001 

0001 

0-000001 



(§23.) 
(§30.) 
(§ 6.) 
(§27.) 
(§40.) 
(§ 6.) 
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From the first table it will be seen that practically a 
metre = 3 ft. 3 in. and f of an inch, or approximately 
40 ins. The centimetre is a very little over f ", or 
more correctly -4", and the millimetre between ^" and 
^'\ The inch is about equal to 2*5 centimetres, or 25 
millimetres. 1 yd. = -9144 metres. 

7. The O.G.S. or Absolute System op Units. The 
C.G.S. (centimetre-gramme-second) or absolute system 
of units is founded upon the fundamental units — centi- 
metre (length), gramme (mass), and second (time). It 
is called an absolute system as the units therein depend 
only on the three standards of length, mass, and time ; 
which are presumed to be obtainable anywhere with 
exactitude ; the term C,G,S, system is more frequently 
employed, however. The C.G.S. system being decimal, 
has great advantages over the F.P.S. (footpound-second) 
system^ which is the basis of the ordinary British units 
ot mechanical measurements. Another advantage is 
that the units are directly related ; thus C.G.S. unit 
volume (1 CO. of water at its greatest density ) = unit 
mass, i.e., 1 gramme. All the other units of the C.G.S. 
system, being based upon the above-mentioned three 
fundamental units, are called derived units. 

C.G.S. Fundamental Units. 
Length. The centimetre (abbreviated cm.). 
Mass. The gramme (abbreviated gm. or grm.). 
Time. The second (abbreviated sec. or ".) 

C.G.S. Derived Mechanical Units. 
Area. The square centimetre (abbreviated sq. ctn.) 
Volume. The cubic centimetre (abbreviated c.c). 
(One cubic centimetre = 1 milli-litre.) (§ 6). 
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Velocity. A body has unit velocity when it moves through 
nnit distance (or length) in nnit time. Thus, unit velocity is a 
velocity of one centimetre per second. 

FoROB. The unit of force is that force which, acting on unit 
mass for unit time, gives it unit final velocity: or in other words^ 
it is that force which, acting on a mass of 1 gramme for 1 second, 
gives it a final velocity of 1 centimetre per second. This unit is 
called the dyne. 

The British unit of force is called the poundal ; and is that 
force which, acting on a mass of 1 lb. for 1 sec., imparts to it a 
velocity of 1 ft. per sec. The force of gravity acting on a mass 
of 1 lb. for 1 sec, imparts to it a final velocity of 32*2 ft. per sec. 
in Great Britain. 1 lb. therefore gravitates with a force of 32*2 
poundals. 

The force which gravity exerts on a mass of one gramme (in 
London) is 981 dynes : so that g^ gramme gravitates with a 
force of one dyne. Boughly one may say that the weight of 1 
milligramme represents a force of 1 dyne. 1 lb. gravitates with 
a force of 444,981 djrnes in London. 

Work. The unit of work is the work done in moving a 
body through unit distance against unit force : ».e., the work 
done in moving a body through a distance of 1 cm. against a 
force of 1 dyne. Or it may be otherwise expressed as the work 
done in overcoming unit force through unit distance. The unit 
of work is called the erg (§ 8). 

There are a great number of C.G.S. electrical units, but we 
shall only mention those which are of importance to the ele- 
mentary student, as the need arises. 

* 8. Work. Work is done when a force overcomes a 
resistance. But force exerted does not always over- 
come the resistance opposed to it, and therefore does 
not always do work. When a railway truck is pushed 
along a line, work is done : but a man might exert all 
the force of which he were capable without doing any 
work, if he tried to move a very heavily-laden railway 
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trackj or iso poak dowiL a brick walL If a we^t is 
lifted, work is done; the work b«ii§ direcdy propor- 
tional to tdift wwgkc, and to thediatance thrQngk which, 
it is- moved, Thxia, 6 ffc,-Iba. of work are done in raisng 
a mass of I lb. to a heigbt of 6 feet, or & mass of S Iba. to 
a heigiit of 3 faet. The resistance which is ov er c om e 
in thid case ia that of^ced by the opposing force <^ 
gravity. Work, of conrsey does not always conast in 
liftings weights : for instance, work is done whoi an 
engine draws a train^ or when an electric motor drives 
machinery; bnt the work may still be expressed in 
ft.-'lbs. In the F,P.3. system^ work is meascxred in 
ft.^thff, : in tHe CG-.S. system it is measured in ergs or 
kUogrammetres,^ 1 erg is the work done in pushing 
a body through a distance of 1 centimetre against an 
opposing force of 1 dyne. Or what is the same things 
it is the work done when a force of 1 dyne applied to 
a body moves it a distance of 1 centimetre. K in 
either case the distance through which the body had 
been moved had been 10 centimetres, then 10 ergs of 
work would have been done. 

We saw in the last paragraph that a nuUigramme 
gravitates with approximately a force of 1 dyne; there- 
fore we may say roughly that 1 milligramme raised 
to a height of 1 cm. represents 1 erg of work. The 
erg is obviously a very small amount of work, so that 
engineers use a unit called the kilogrammetre, which 
represents the work done in raising a weight of 1 
kilogramme through a distance of 1 metre. If one 

^ Kilogrammeire is * shartened form of kilograiiixiie-inetre. 
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gramme gravitates with a force of 981 dynes (§ 7), 
a kilogramme will gravitate with a force of 981,000 
dynes. From this, and the definition of the erg (§ 7) 
it follows that : — 

1 kilogrammetre = 98,100,000 ergs. 

= 981 megergs. 

If a man merely supports a weight without moving 
it, from an engineering point of view he cannot he 
said to do work, for by definition : — 

work = force x displacement. 

* 9. PowEB. Power is the rate of doing toorkj and has 
nothing to do with the actual amount of work done. 
A boy would take longer to carry say a thousand 
bricks up a ladder on to some scaffolding than would 
a man. Yet when all the bricks were carried up they 
would represent the same amount of work done, 
though the boy might take twice or three times as 
long to do it as the man. This, of course, is leaving 
out of the question the work done by the man and the 
boy in lifting their own bodies against the force of 
gravity. The povoer or rate-of-working of the man 
would be greater than that of the boy. Consider another 
example. One engine might take 3 hours to draw a 
certain train from one place to another, while another 
might be able to take the same train between the 
same places in 1 hour. The latter engine would 
clearly be three times more powerful than the former, 
because it could do the same amount of work in one- 
third of the time taken by the first engine. When 
the train was drawn to its destination, it would 
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represent the same amount of work done, no matter 
whether it had travelled at the rate of a mile a minute 
or a mile an hour. This, of course, is leaving friction 
and air resistance out of account. 

Power is estimated according to the amount of work 
done in a given time. In the F.P.S. system of ordinary 
mechanical measurements : — 

33,(300 ft.-lbs. of work done per minute = 1 H.P. 
(horse-power). 

or :— 1 H.P. = 33,000 ft.-lbs. per min. 

= BBO ft.-lbs. per sec. 

* 10. Various kinds of Wobk. Work may be done 
in various ways, — mechanically, chemically, thermally, 
magnetically, or electrically : and it may be reckoned in 
ftAbs., Jcilogrammetres, ergs, or joules; yet it is still 
work. Similarly, power or " rate of doing work " 
may be reckoned in H.P. or in watts. Mechanical work 
is generally expressed in ft.-lbs., and mechanical power 
in H.P. (horse-power). 

* 11. Eleotrioal Work and Power. Electrical 
work (§§ 33, 34) is generally measured in joules, and 
electrical power in watts. 

1 joule = 10,000,000 ergs. 

1 watt = electrical work done at the rate of 1 
joule or 10 million ergs (10 megergs) 
per second. 
1 watt = 7-|^th H.P. (English).i 
/. 1 H.P. = 746 watts. = 1 E.H.P. (electrical horse- 
power). 

* The French H.P. (force de oheval)=736 watts, =76 kilogram- 
metres per sec. = '9SG3 H.P. (English). 
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The jonle and the watt will be more fully considered 
later on (§§ 33, 34, 36). 

12. EQUIVAIiBNTS OF WORK AND POWEB. 

Work or Energy. 1 ft.-lb.= 13,560,000 ergs. 

= '138 kilogrammetres. 
=1-356 joules. 

1 kilogTammetre=9'81 joules. 

=7*233 ft.-lbs. 
=d8*l megergs. 

1 joule = -7373 ft.-lbs. 

='102 kilogrammetres. 
=10,000,000 ergs. 

1 erg. = 00000007 ft.-lbs. 
=•00000001 joules. 

=<XXXXXX)1 kilogrammetres. 

Power. 1 H.P. or 1 E.H.P. =83,000 ft.-lbs. per min. 

=550 ft-lbs. per sec. 
=746 joules per sec. 
=7,460 million ergs per sec. 
=76 kilogrammetres per sec. 
=746 watts. 

1 watt ='7373 ft-lbs. per sec. 

=10,000,000 ergs per sec. 
=1 joule per sec. 
=*102 kilogrammetres per soc. 
^TTe or 00134 H.P. 

1000 watts (1 kilowatt) is the commercial unit of 
electrical power (§§ 28 and 29). 

* 13. Energy. Energy is the capacity for doing 
work. Energy is expended when work is done. 
Energy and work are consequently measured in the 
same units. 



U ELEGTRIO LIGHTING, ETO. [chap. i. 

* 14. DrPPERENOE BETWEEN EnEBGY, FoKCB, WoBK, 

AND Poweb. It is important that the student should 
clearly understand the difference in the meaning of 
the above terms. Energy is the capacity for doing 
work. Force is one of the factors of work, and has to 
be exerted or overcome through a distance, to do work ; 
the work being reckoned as the product of the force 
and the distance through which it has been applied 
or overcome. WorJe is done when energy is expended, 
or, what is almost the same thing, when a force over- 
comes a resistance. Power is the rate of working, or 
the rate of expenditure of energy. 

* 15. Momentum. Momentum may be defined as the 
quantity of motion in a moving body. The momentum 
of a body is proportional to its mass multiplied by its 
velocity. To stop a moving body requires the applica- 
tion of force (§ 1). A rotating fly-wheel with a thick 
iron rim would require greater force to stop it than if 
its rim were made of wood : its momentum is greater 
in the first case. Momentum represents energy stored 
up in a moving body ; thus a body with momentum is 

able to do work. 

If a lump of lead and a lump of wood of equal size 

were let fall from the top of a tower into soft earth, 

the lead would bury itself to a greater depth than the 

wood, on account of its greater mass, i.6., because of 

its greater momentum ; both having the same velocity. 

Similarly, a leaden bullet fired from a gun would 

crash through a greater thickness of wood than a 

wooden bullet fired under similar conditions, and of 

the same size. 
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CHAPTER L— QUESTIONS. 
In annoering these questions^ give sketchee wherever poeetble. 

♦1. What is force ? 

*2, Does force necessarily produce motion ? 
*3. Mention various kinds of force. 

^4 Explain concisely the difference between mass and weight 
5. Say why the weight of a body varies at different altitudes, 
and at various parts of the Earth. 
*Q, What are the advantages of a decimal system of mea- 
sures? 
7. Give the relation between the pound and the gramme, 
the foot and the metre, the pint and the cubic centimetre. 
*S, Write out the decimal prefixes to units, showing how 
much they increase or decrease the value of the unit. 
9. What is the difference between the C.G-.S. and F.P.S. 
systems of units ? Mention the advantages of the former. 

10. Define the C.G.S. units of area, volume, velocity, force, 

work, and energy. 

11. Show how and why a weight may be expressed as a 

force. 
*^12. Explain, with examples, the difference between work 

and power. 
♦13. Give the units of work and power. 
♦14. What are the electrical units of work and power ? 
15. Give, in full, the equivalents of work and power. 
♦16. Define: — mass, energy, power, weight, work, and 

momentum. 
17. Give the values for the English and French horse-power 

in watts, and in ft.-lbs. per min. 
♦18. Define " work " and " power." How many foot-pounds 

of work will be done in twenty minutes by a motor 

working at 4 H.P. ? [Prel., 1894.] 
19. What are foot-pound, poundal, dyne, and kilogrammetre ? 

And how are they related ? [Ord., 1895.] 
♦20. Why can a leaden bullet be fired further than a piece 

of wood of same shape and size ? [Prel., 1895.] 
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♦21. If a man supports a weight of 10 pounds for 17 minutes, 

does he do any work ? If so, how much ? [Prel. 1895.] 

22. Explain numerically the relations between the dyne, the 

erg, the joule, the kilogramme, the British horse-power, 

and the metric (French) horse-power. [Ord. 1894.] 

*23. Why is energy expended in bending or coiling a spring ? 
[Prel. 1896.] 
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CHAPTER n. 

The figures refer to the numbered paragri»ph$. 

Electricity, 16. Pressure, Besistance, Conductors, and Insulators, 17. 
Table of Conductors and Insulators, 18. Conductance and 
!ELesistance, 19. Tables of Comparative Conductance and Com- 
parative Besistance of Metals and Alloys, 20. Tables of Con- 
ductivity and Resistivity, 21. Unit of Conductance, 22. Unit 
of Besistance, 23. Besistance, 24. Calculations of Besistance 
of Wires, 25. Effect of Heat on the Besistance of Materials, 26. 
Quantity and Current, 27. The Board of Trade or Commercial 
Unit of Electrical Supply, 28. Equivalents of the Board of 
Trade Unit, 29. The Circuit, 30. Ohm's Law, 31. Examples 
in Ohm's Law, 32. Electrical Power and Work, 33. Electrical 
Work and Power, 34. Heating Effect of the Current : Joule's 
Law, 35. Heat Units, 36. Capacity, 37, The Condenser, 38, 
Action of a Condenser, 39. Unit of Capacity, 40. Energy in a 
Condenser, 41. Uses of Condensers, 42. Questions, page 49. 

* 16. Electricity. Though, like heat and light, the 
nature of electricity cannot be explained by compari- 
son with anything else ; it is, for simplicity, treated as 
a sort of fluid. It is frequently spoken of either as 
being " at rest " in the form of a charge on a body, or 
as flowing through a body in a current. When elec- 
tricity is at rest on a body, we speak of the body as 
being "charged with electricity," or as having a 
" charge of electricity " upon it. When electricity 
flows through a body, we speak of it as a " current 

" c 
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of electricity." The student must bear in mind that 
these are merely expressions of convenience, which 
enable us easily to explain observed eflfects ; and that 
no electrician thinks that there is anything tangible 
in either a " charge " or a " current " of electricity. 

* 17. Pbessure, Resistance, Conductoes, and Insu- 
lators. Whether electricity will or will not " flow 
through" a substance at a measurable rate, depends 
both upon the pressure of the electricity, and the re- 
sistance which the substance opposes to its '^ flow." 
Lightning is electricity at high pressure, and under 
such high pressure it is enabled to flow through almost 
anything, eyen miles of air. The pressure at which 
electricity is used in practical work is very much less 
than that of a lightning flash; and with such low- 
pressure electricitj' there are some substances which 
oflfer such great resistance to its " flow," as practically 
to allow none to pass through them. These substances 
are called non-conductors or insulators, to distinguish 
them from condu^ctors, or those substances which offer 
very little resistance to the flow of electricity. There 
is, however, no such thing as a perfect conductor or a 
perfect insulator. Every so-called conductor offers 
some resistance, and there is no insulator which will 
not allow some electricity to pass through it. There 
are some substances which are neither very good con- 
ductors or very good insulators, and which are there- 
fore sometimes called semi-conductors. But whether 
we call any particular substance a conductor, a semi- 
conductor, or an insulator, must depend to a great 
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extent upon the pressure of electricity with which we 
have to deal. 

Electrical pressure is measured in volts. Electrical 
engineers are able to produce any pressure from a 
fraction of a volt up to BO,CXX) volts, or even higher 
if necessary. 

* 18. Table of Conductors and Insulators. With 
practical working pressures up to, say five or ten 
thousand volts, we may classify substances according 
to the following list, which is a table of bodies in their 
order of conductance, or power of conducting electricity. 
Those at the top of the Ust, the metals especially, offer 
very little resistance to the passage of electricity, and 
are therefore called conductors : as we descend the list, 
the bodies increase in resistance, becoming worse con- 
ductors and better insulators : those at the bottom 
offer extremely great resistance to the flow of elec- 
tricity, and are therefore called insulators. Thus 
copper is a better conductor than iron, iron than 
mercury, mercury than carbon, carbon than slate, 
and so on. 

As regards the metals, their order below may be 
taken to be practically correct, though with the 
alloys a slighb variation in their composition makes 
a great difference in their conducting powers. 

The arrangement of fair conductors, semi-con- 
ductors, and non-conductors must be taken to be 
only roughly correct ; a slight variation in the quality 
of a substance would make a considerable difference 
in its place on the list. 
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Sometiiues called 
conductors, sometimes 
seiy^.condnctors. 



[ 



Good condactors. / 



Silver (annealed). 
Copper (annealed). 
Copper (hard di-awn). 
Silver (hard drawn). 
Telegraphic silicium bronze. 
Silver copper alloy (equal parts). 
Jjold (annealed). 
Gold (hard drawn). 
Aluminium. 

Telephonic silicium bronze. 
Zinc. 

Telephonic phosphor bronze. 

Brass (according to composition). 

irlatmum. 

Iron. 

Gold silver alloy. 

Nickel. 

Tin. 
Lead. 

German silver. 
Platinum iridium. 
Platinum silver. 
Platinoid. 
Antimony. 
Manganin. 
Mercury. 
\ Bismuth. 

Charcoal and coke. 

Carbon. 

Plumbago. 

Dilute acids. 

Sea water. 

Saline solutions. 

Metallic ores. 

Living vegetable substancet* 

Moist earth. 



Semi-conductors. 



Water (ordinary). 

The body. 

Flame. 

Linen. 

Cotton. 

Mahogany. 

Pine. 

Rosewood. 

Lignum vitas. 

Walnut. 

Teak. 

Marble. 



Dry woods. 
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Non-oondnctors 

or 

Insolatoni. 



' Oils. 

Porcelain. 

Dry leather. 

Dry paper. 

Wool. 

Silk. 

Sealing wax. 

Snlphar. 

Resin. 

Water (perfectly pure). 

Gntta-percha. 

India-rabber. 

Shellac. 

Ebonite. 

Mica. 

Jet. 

Amber. 

Paraffin wax. 
. Glass (varies very mnch with quality). 
VOry air (according to pressure) . 

* 19. Conductance and Resistance. Conductance is 
the power of conducting electricity : resistance is the 
opposition oflPered to its flow. Conductors have great 
conductance and little resistance, while insulators have 
little conductance and great resistance. Every con- 
ductor offers some resistance to the passage of electri- 
city, and there is no insulator which has not some little 
conductance, i.e., which does not allow some electricity 
to pass through it, though the quantity may be in- 
finitesimal. 

The comparative powers of conductance of bodies 
is called their comparative conductance : while, on the 
other hand, the comparative powers of resistaiice of 
bodies is called their comparative resistance. Thus we 
should say that the comparative conductance of copper 
is greater than that of iron, while the comparative 
conductance of iron is very much greater than that of 
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carbon. On, the other hand, the comparative resist- 
ance of wood is enormously greater than that of iron 
or platinoid. 

* 20. Tables OF Comparative Conductance AND OoM- 
PABATivE Resistance of Metals and Alloys. Silver 
being the best conductor has consequently the highest 
comparative conductance. In the following table the 
first column gives the comparative conductances, and 
the second the comparative resistances. The goodness 
of the conducting power of silver, i.e., its comparative 
conductance, being denoted as 100, the values for all 
the other metals are proportionately less. On the other 
hand, if the comparative resistance of silver be taken 
as 1, the other metals will have proportionately higher 
values. 



lies. 




(Approximate.) 




Comparative 


Comparative 




Conductance. 


Resistance. 


Silver (annealed) • 




100 


1 


Copper (annealed) . 




95-03 . 


. 1-052 


Copper (hard drawn) 




9308 . 


. 1075 


Silver (hard drawn) . 




9210 . 


. 1-086 


Gold (annealed). 




7310 . 


. 1-368 


Gold (hard drawn) . 




71-83 . 


. 1-392 


Aluminium (annealed) 




51-65 . 


1-936 


Zinc .... 




26-73 . 


. 3-741 


Brass (according to composition) 


— , , 




Platinum . 




16-61 . 


6022 


Iron (pure) 




15-48 . 


6-463 


Gold Silver 




13-84 . 


. 7-223 


Nickel (annealed) 


* 9 • 


1207 . 


8-285 


Tin (pressed) 




11-39 . 


. 8-779 


Iron (telegraph wire) 




9-94 . 


1006 
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(Approximate.) 
Comparative Comparative 



Conductance. 


Besistance 


Lead (pressed) . . , , 


7-66 


13-06 


German Silver . , , 


. 7187 . 


13-92 


Platinum Iridium • , 


. 6-898 . 


14-50 


Platinum Silver i , 


6-168 . 


16-21 


Platinoid .... 


. 4-B91 . 


21-78 


Antimony < * i . 


4-238 . 


23-60 


Manganin . . . , 


. 3-141 . 


31-84 


Mercury . . : . , 


. 1-581 . 


63-23 


Bismuth . . . r 


. 1147 . 


87-20 


Carbon (for arc lamps) , 


•0873 . 


2681- 


„ (graphite) . 


•006721 . 


. 14880- 


Selenium . . . •000000002487 . 40,210 miUions 



Thus with wires of the same thickness, to get the 
same resistance as 100 yds. of silver wire, it would 
only be necessary to take 16'4 yds. of iron wire, 7*1 
yds. of german silver wire, about 3*1 yds. of manganin 
wire, and so on. On the other hand, if equal lengths 
and thicknesses of say silver, copper, aluminium, iron, 
and platinoid wire were taken ; and supposing the re ' 
sistance of the silver wire to be 1<», then the resist- 
ances of the other wires would be as follows : copper, 
l-05a>; aluminium, l'93o); iron, 6* 46©; platinoid, 21*78ft). 

21. Tables op Conductivity and Resistivity. The 
resistivity or specific resistance of a substance is the 
resistance between opposite faces of a centimetre cube 
(unit volume) of the substance, expressed in microhms 
The condtictivity or specific conductance of a substance 
is the reciprocal or opposite of its resistimty^ and there- 
fore may be expressed in megamhos, for 1 microhm = 1 
megamho (§ 22). 
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Conductivity. itesistivity. 

(Specific (Specific 

Gonductance.^ Kesistance.) 

At 0° Centigrade (approx.). 



(Megamhos.) 
•6702 
•6370 
•6238 
•6172 
•4900 
•4815 
•3461 
•1792 
•1113 
•1037 
•0927 
•0809 
•0763 
•0666 
•0513 



Silver (annealed) • 

Copper (annealed) . 

Copper (hard drawn) 

Silver (hard drawn) . 

Gold (annealed) 

Gold (hard drawn) . 

Aluminium (annealed) 

Zinc (pressed) . 

Platinum . . • 

Iron (pure) 

Gold Silver (Au. 67, Ag. 33) 

Nickel (annealed) 

Tin (pressed) 

Iron (telegraph wire) . 

Lead (pressed) . 

German Silver (Cu. 60, Zn. 26, 

Ni.l4) (hard or annealed) . •0481 
Platinum Iridium (Pt. 90, Ir. 10) ^0462 
Platinum Silver (Pt. 67, Ag. 33) '0413 
Platinoid (Cu. 59, Zn. 25-5, Ni. 14, 

W. 1^5) ^0307 . . 32-5 

Antimony ^0248 . . 35*21 

Manganin (Cu. 84, Ni. 12, Mn. 4) ^0210 . . 47*5 

Mercury '0106 . . 94*34 

Bismuth (pressed) . . . ^00768 . .130-1 
Carbon (for arc lamps) . . •(XX)25 (about) 4,000 
„ (graphite) . . ^000045 (average) 22,200 

Selenium . . . ^0000000000166 60,000 millions 

Cu.= Cuprum = Copper. Ag.=Argentum= Silver. 

Zn.=Zincum =Zinc. Ir. = Iridium. 

Ni. = Nickel. W. = Wolfram = Tungsten. 

Pt. = Platinum. Au =Aurum =Gold. 

NfB, — The composition of alloys varies considerably. 



(Microhms. \ 

1-492 

1^570 

1-603 

1-620 

2-041 

2-077 

2-889 

5-581 

8-982 

9-638 
10-78 
12-36 
13-10 
15-000 
19-47 

20-76 
21-63 
2419 
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* 22 TTkit of Condugtangb. The mAo is the unit 
of conductance. A mho is the reverse or reciprocal of 
an ohm or unit of resistance (§ 23). For instance : — 

10 ohms=i^ or 0*1 mho., 
2 ohms = i or 0*6 mho. 
1 ohm = l mho. 
^ or 0'5 ohm = 2 mhos. 
■^ or 0*1 ohm = 10 mhos. 
1 microhm = 1 megamho. 
and so on. 

* 23. Unit of Resistance. The ohm is the unit of 
resistance, for which the symbol a> (omega) is used. 
Thus 10 ohms = 10 w. 

1 million ohms = 1 megohm = 1/2 (capital omega). 
•000,001 00 or 1 millionth of an ohm = 1 microhm. 

A conductor has one ohm resistance when a pressure 
or potential diflterence (§ 30) of one volt causes a cur- 
rent of one ampere (§ 27) to flow through it. It is 
convenient to remember that a copper wire 10 feet long 
and 10 mils * diameter has about 1 o resistance. 

24. Resistance. The resistance of a wire depends 
on four things : — 

(a) On its material. 

(&) On its thickness or sectional area. 

(c) On its length. 

(d) On its temperature. 

The resistance of a wire of any given material, at 
any given temperature, depends on its length and on 

* 1 mil=*001''. 1 circular mil » area of circle of 1 mil dia. 
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its sectional area; being directly proportional to the 
former, and inversely proportional to tlie latter. Or, — 

Ex ^ (I) 

where R is the resistance, L the length, and A the area 
of cross-section of the wire.^ 

With a given thickness, the greater the length the 
greater must be the resistance of the wire. With a 
given length, the greater the cross-section the less will 
be the resistance. 

In the case of ordinary wires, whose cross-section is 
circular ; the area of a circle or the cross-sectional area 
of a circular wire of radius r or diameter d is : — 

area =7rr^ = ^d* (II.) 

4 

TT (pi) being the ratio of the circumference of any 
circle to its diameter ; thus in any circle 

circumference ^3..^^^e^^ jjj 

diameter 

TT being a constant quantity in (II.), it follows that the 
areas of circular wires are proportional to the squares 
of their diameters. In (I.), substituting d^ for A, we 
get :— 

Roc^ (IV). 

If the length (L) of a wire be expressed in centimetres, 
its cross-section (A) in square centimetres, and its 

* The sign oc means is proportional to. 
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specific resistance or resistivity (p) * in ohms, then its 
resistance (i2) in ohms will be : — 

E=Jp (V.). 

In the resistivity table (§ 21) the values are given in 
microhms, so they must be divided by 1,000,000 to give 
p in ohms. 

25. Calculations of Resistance of Wires. 

Eocamples. (a) The resistance of a conductor is pi^oportional 
to its length, |(i.) Thus if 20 yds. of a certain' gauge of wire 
have a resistance of 1 a>, the resistance of a mile of the same wire 
wiU be 1760 -r 20=88®. 

(b) The resistance of a condtictor is inversely proportional to 
its cross-sectional area, (ii.) A wire of a certain material and 
length, having a cross-section of '008 sq. cm., will offer twice 
the resistance of. a wire having a cross-section of '016 sq. cm. 
and similar in length and material. 

(c) The cross-section of circvlar wires is proportional to the 
squares of their diameters, (iii.) Thus, if two wires of same 
length and material have diameters respectively of 2 millimetres 
and 4 millimetres, their cross-sections will not be as 2 : 4, but 
as 4 : 16. That is, one will have four times the area of the other; 
and consequently, other things being equal, one-fourth the 
resistance. 

(d) The resistance of a conductor of given sectional area and 
length is proportional to the resistivity of its material. If we 
took wires of different materials, but of the same thickness and 
length ; the different resistances could be approximately got at 
from the resistivity table in § 21, presuming we knew the resist- 
ance of one of the wires, (iv.) Thus, supposing we had wires of 
equal thickness and length, of silver, copper, iron (pure), and 
german silver ; and presuming that the resistance of the silver 

* p= Greek letter rho^ used for resistivity values. 
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wire was 5 <o ; then the resistance of the other wires would be 
respectively : — copper 5*2 », iron 32*3 <o, german silver 69 <a : — 
For instance, in the case of the silver and iron wires : — 

resis. silver : resis. iron*.: resistivity silver : resistivity iron.* 

or, 5 : X :: 1-492 : 9*638 

9-638x5 . 

t.6., X — 1 •492 — * 

and so on with the rest, 
(e) With a given resistance and cross- section, the length of a 

^ The student is supposed to be familiar with the working of 
decimals and simple equations. Decimal fractions should always 
be used in preference to vulgar fractions. We cannot be ex- 
pected to enter into the explanation of simple arithmetical and 
algebraic workings in this book ; but when it is necessary to 
use any mathematical expression that the ordinary beginner is 
likely to stumble over, it will be explained. 

(i.) a : 6::c : d. 

This is another way of stating that a hears the same ratio or 
proportion to b as c does to d. Or, as we say shortly, a is to 6 
as c is to e2. For instance : — 

(ii.) 2:4:: 4:8 
and(iii.) 9:3::18:6, 
e.e. (ii.) 2 is half 4, and 4 is half 8, 
and (iii.) 9 is 3 times 3, and 18 is 3 times 6. 

In such a proportion, the two inner quantities multiplied 
together exactly equal the two outer quantities multiplied 
together. For example, in — 

(i.) bxc=axd, 
(ii.) 4x4=8x2. 

z.e. 16=16. 
(iii.) 3x18=9x6. 

i.e, 54=54. 

As will be seen above (§ 2bd etc.), we use this method when 
we have two related quantities and a third quantity; and wish 
to find a fourth quantity which will bear the same relation to 



§ 26] OALOULATION OF RESISTANCE. 29 

conductor will be proportional to its conductivity ^ and inversely 
proportional to its resistivity, (v.) II we had a yard of mer- 
cury wire (such as a glass tube filled with mercury) ; to get the 
same resistance with wires of say german silver, iron (pure), 
and copper, of same sectional area as the mercury in the tube ; 
we should have to take about 4*5 yds. of german silver, 9*7 yds. 
of iron (pure), and 60 yds. of copper. 

For instance, in the case of the mercury and the copper :— 

length mercury : length copper : : resis*^. copper : resist, mercury 
I.e., 1 : X :: 1-67 : 9434 

or, length mercury : length copper : : conduc'^. mercury : conduc^J. copper 
i.e., 1 : X :: -0106 . : -6370 

(f) To find the resistance of a loire, given its material, length, 
and sectional area, (vi.) What is the resistance of a platinoid 
wire 6 yds. long, and having a sectional area of '0052 sq. cm. ? 

Spec. res. of platinoid (p)=32'5 microhms 

=•0000325 ohms. 
6 yds. =6 X 91-44 cm. (§ 6). 

E (in ohms.)=^ (Formula V. § 24.) 

548-64 X -0000325 
~ -0052 
, '01783 o.Ao 
= ^0055=^^"- 

(g) The resistances of wires of same material and length will 
he inversely proportional to their weights. For clearly, with a 

the third as the second does to the first. Thus, supposing we 
wish to find a number x which will bear the same ratio or pro- 
portion to 27 as 3 bears to 12, we should set it out as follows :^ 

12xx=27x3. 
(By simple algebra) ac=— jo~=T2=6-75. 
That is, 3 being a quarter of 12, 6*75 is a quarter of 27. 
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given length, the cross-section, and therefore the conductance 
of a wire, will be proportional to the amount of metal in it, 2.e., 
to its weight. Therefore its resistance will be inversely pro- 
portional to its weight. This presumes that the wire is of 
uniform thickness throughout its length. 

(vii.) Two iron wires of same length and quality of iron 
weigh respectively 1*5 kilogrammes and 20 kilogrammes. The 
resistance of the first length is 7 <» ; what will be the resistance 
(x) of the other length ? 

7fi> :a5::20: I'B 

15x7^10:5^.525,. 
20 20 

26. Effect of Heat on the Resistance of Mate- 
rials. Most metals increase in resistance on heating, 
regaining their original resistance on reaching their 
former temperature. This increase of resistance with 
temperature occurs to a greater extent with pure 
metals than with alloys.^ 

Carbon decreases in resistance, a fact which has to 
be borne in mind in working out calculations on glow 
lamps. 

Liquids which are capable of electrolysis (Chap. XV.) 
lessen in resistance when heated. Others (mercury 
and other molten metals) which conduct, but are not 
split up or electrolysed, increase in resistance just as 
solid metals do. 

The insulating powers (i.e. the resistance) of india- 

' There is one notable exception to the general rule. Man- 
ganin (an alloy of copper, manganese, and nickel [p. 24]) rises in 
resistance slightly up to 40"* centigrade, and falls in resistance 
at higher temperatures ; but for most purposes its variability 
of resistance with temperature may be neglected. 
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rubber, gutta-percha, glass, ebonite, and other good 
insulators, decrease enormously with a rise of tempera- 
ture. 

* 27. Quantity and Current. The " rate " at which 
electricity flows through conductors is called current^ 
and is measured in amperes. 

Just as we can measure out a certain quantity of 
water, say a gallon, so is it possible to measure out 
electricity in a given quantity. The unit of electrical 
quantity is called the coulomb. A coulomb of elec- 
tricity has nothing whatever to do with the pressure 
of electricity in volts, or the current (rate of flow of 
electricity) in amperes ; any more than gallons of water 
have anything to do with pressure or head of water 
(due to the height of the reservoir), or the rate of flow 
of water through a pipe. But just as we say that 
water is flowing through a pipe at the rate of so many 
gallons per minute, so we speak of electricity as flow- 
ing through a wire at the rate of so many coulombs 
per second. Just as the rate of flow of water depends 
upon the pressure or head of water, and on the bore 
and length of the pipe ; in like manner the rate of flow 
of electricity along a wire depends upon the electrical 
pressure or electromotive force at our disposal, and on 
the resistance of the wire. 

When electricity flows through a wire at the rate of 
one coulomb per second, we say that it is flowing at 
the rate of one ampere, or that we have a current of 
one ampere. ^ 
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A rate of flow of : — 

2 coulombs per sec. = 2 amperes. 
6 coulombs per sec. = 6 amperes. 
30 coulombs per min. = 'B ampere. 



1 milliampere = '001 ampere. 

1 kilo-ampere = ICXX) amperes. 

and so on. 

If a steady current is flowing, we can always find 
out the quantity of electricity that has passed by, Le., 
the number of coulombs, by multiplying the current 
(in amperes) into the time of its flow (in seconds). 

Thus :— 

1 ampere for 30 seconds = 30 coulombs. 
1 ampere for 1 minute = 60 coulombs. 
10 amperes for 1 hour = 60 x 60 x 10. 

= 36,000 coulombs. 

28. The Boaed of Trade ok Commercial Unit of 
Electrical Supply. 

The Board of Trade unit (B.O.T.),^ or commercial unit 
of electrical supply (often called supply unit), is equal 
to 1000 watt-hours ; or what is the same thing, 1000 
volt-ampere-hours (§ 29). That is to say, the consumer 
has received 1 B.O.T. when the constant rate of elec- 
trical working in watts (§ 33), multiplied by the number 

* Many people use B.T.U. to signify Board of Trade Unit, but 
these letters more rightly stand for British Thermal Unit (§ 36). 
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of hours during which such electrical work has been 
done, is equivalent to 1000 : or when the number of 
amperes of constant current, multiplied by the pres- 
sure or voltage, and by the hours during which such 
current has passed, equals 1000 : or when the voltage, 
the current, and the time (in hours), multipUed to- 
gether = 1000. 

The watts rate of working, or the number of am- 
peres flowing through any electrical installation, is not 
constant ; for lights, motors, etc., are turned on and off 
at various times. Therefore it is more convenient to 
take into account the actual quantity of electricity 
supplied, and the constant pressure at which it is 
supplied ; then : — 

1 B.O.T. = 3,600,000 coulomb-volts. 

i.e,j 3,600 coulombs at 1000 volts pressure, 

or 36,000 „ „ 100 „ „ 

or 360,00 „ „ 10 „ 

It is necessary to take into account the pressure at 
which the electricity is supplied, as well as the elec- 
tricity itself. Electricity costs nothing — it is every- 
where. But electricity is not manifest, and there- 
fore has no power to do work, until a difference of 
electrical pressure is set up. The electricity supply 
companies do not generate electricity, for that is im- 
possible ; what they do do by means of their large 
engines and dynamos, is to create and keep up a 
difference of electrical pressure. 

Electricity without pressure has no commerciaJ. value^ 
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for it is unnble to do work. This then is the reason 
why pressure has to be taken into account in electrical 
supply. As an analogy, take the case of the water 
companies ; they do not manufacture water, but they 
do create a difference of water level or water pressure, 
and therefore enable the water to do work in flowing 
from a high to a low level. If you have to work a 
water motor or turbine, a tank containing any number 
of gallons of water you like, but situate at a low level, 
say in the basement of the premises, would be of no 
use whatever. You must not only have water, but 
"head'' or pressure of water as well. Just so with 
electricity. 
29. Equivalents of the Board of Trade Unit. 
1 B.O.T. = 1000 volt-ampere-hours. 

= 1000 watt-hours (for 1 watt = volt x 

ampere). (§ 33.) 
= 1 kilowatt-hour. 
= 3,600,000 coulomb- volts. 
= 3,600,000 joules (for one joule = coulomb 

X volt). (§ 34.) 
= 1*34 HP working for 1 hour. 
For instance, the supply in each of the following 
cases is equal to 1 B.O.T. unit. 

(a) A current or 10 amperes for 1 hour at a pressure 

of 100 volts. 
(6) A current of 40 amperes for J hour at a pressure 

of BO volts, 
(c) A current of 20 amperes for B hours at a pressure 
of 10 volts. 



§§29-31] THE OIBGUIT. 35 

(d) A supply of 36,000 coulombs at a pressure of 100 

volts, 
(c) A supply of 7,200 coulombs at a pressure of 500 

volts. 
(f) A supply of 20,000 coulombs at a pressure of 180 

volts. 

* 30. The Circuit. The circuit is the conducting 
path through which the electricity flows. Every 
circuit may be divided into three parts : — 

(a) The source of electrical pressure (dynamo or 
battery). 

(6) The apparatus to be worked (lamp, motor, heater, 

etc.). 
(c) The wires or leads connecting the apparatus with 

the source. 

In every electrical circuit we have also : — 

(i.) E.M.F. (electromotive force), voltage, pressure, 
or P.D. (potential difference), tending to drive elec- 
tricity round the circuit, measured in volts.* 

(ii.) The rate at which electricity flows round the 
circuit, i.e., current ; measdred in amperes. 

(iii.) The resistance of the circuit; measured in ohms. 

* 31. Ohm's Law. Ohm's law gives us the connection 
between the pressure, the resistance, and the resulting 
current in a circuit ; and enables any one of these 
quantities to be determined if the other two are known. 
Whatever units be used, it has been found that the 

* For difference between E.M.F. and P.D., see the Author's 
Electric Wiring, Fittings, Switches, and Lamps, 
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current in a circuit is directly proportional to the 
pressure or electromotive force, and inversely propor- 
tional to the resistance. Thus, if e stands for E.M.F., 
c for current, and r for resistance — 

r=- whence c = - and « = cr. 
c r 

This is known as Ohm's law, and is of great im- 
portance in electrical work, but in this simple form is 
only true for steady direct (or continuous) currents. 

Ohm's law is true for any part as well as for the 
whole of a circuit. Thus, if we consider any portion 
of a circuit, and know the resistance (r) of that part, 
and the potential difference (P.D.) between its ends, 
the current (c) flowing through will be : — 

c=^ (§47.) 

From the above, the truth of the following state- 
ments will be obvious : — 

(a) With a given electromotive force or P.D., if the 
resistance be doubled the current will be halved ; if 
the resistance be halved, the current will be doubled. 

(6) When the current is to be kept constant, if the 
resistance is increased, the E.M.F. or P.D. must be 
increased in the same proportion, and vice versd, 

(c) With a given resistance, if the E.M.F. or P.D. is 
increased or lessened, the current will be increased or 
lessened. In other words, the current will vary exactly 
as the E.M.F. or P.D. varies. 
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Ohm's law is true whatever units be used ; thus let — 
E = E.M.P., P.D., or pressure in VOLTS. 
E = resistance in OHMS (a>). 
= current in AMPERES.^ 

Then :— 

E=5 or = 5 orE = CxE; 



or 



01ims=-J^2lt?_ Amperes = ^«1*' 



Amperes. Ohms 

and Volts = Amperes x Ohms. 

A useful American method of getting either of these 

three equations is as follows :— write down the formula 

E 
^s^, put your finger over the quantity required, and it 

is equal to what remains. 

* 32. Examples in Ohm's Law. (a) In a circuit there is a 
dynamo with an E.M.F. of 120 volts, and the total 
resistance of the circuit (including dynamo, lamps, 
and leads,) is 12 ». What is the current ? 

Answer : — 10 Amperes. 

for 1^=10. 

12 

(p) A dynamo has a constant P J), at its terminals of 55 volts . 

and the lamp circuit has a resistance of 8 a>. What is 

the current? 
Answer : — 18*33 Amperes. 

for -^= 18-38. 



* The term ampere is derived from the name of a French 
electrician, Andre Marie Ampere. It is now customary to omit 
the accent, as ampei'e, hut it is a difficult hahit to get into. 



' 



38 ELECTRIC LIGHTING, ETC, [chap. ii. 

(c) If the E.M.F. in a circuit is 90 volts, and electricity is 

flowing round at the rate of 45 amperes, what is the 
total resistance of the circuit ? 
Answer : — 2 a>. 

for ^=2. 

45 

(d) If a secondary hattery with an E.M.F. of 60 volts can send 

a current of 35 amperes round a circuit, what is the 
total resistance of that circuit ? 
Answer : — 1*714 «. 

for 1^=1-714 

(e) If in a circuit of 3 © resistance there is a current of 61 

amperes, what is the E.M.F. in the circuit ? 
Answer :— 183 Volts. 

for 61x3=183. 

(/) A hattery with an internal resistance of '43 cd, sends a cur- 
rent of 11*7 amperes round a circuit having a resistance 
of 1*5 0). What is the E.M.F. of the hattery ? 

Answer : — 22*58 Volts. 

for 11-7 X (*43 + l*5)=ll-7 x 1*93=22*58. 

* 33. Electrical Power and Work. Work is done 
when a force overcomes a resistance (§ 8). When a 
current flows round a circuit, electrical work is done ; 
for the current is the result of E.M.F. or electrical 
pressure overcoming the resistance of the circuit. 
Power is the rate at which work is done. Power x 
time during which it is exerted represents the actual 
amount of worJc done. 

To send electricity through a given resistance at a 
given rate, we have to apply a certain electrical pres- 
sure. The faster electricity is forced round the circuit 
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(«.«., the greater the current), and the greater the re- 
sistance through which it is forced, the greater will 
be the power exerted. To send 1 ampere through 1 a> 
requires 1 volt, but to send 1 ampere through 10 cd 
requires 10 volts (vide Ohm's law, § 31). The pressure 
necessary to send a given current round a circuit is 
thus a measure of the resistance of the circuit ; and 
if we multiply the pressure by the current, the product 
will represent the power exerted : — 

power = pressure x current, 
power exerted in whole circuit =E.M.F> (or total 

pressure) x current. 

power exerted in any part of a circuit = P.D. between 

the ends of that part x current. 

In any case, power = volts x amperes. 

The unit of electrical power is the wattj and is that 
powOT exerted when a current of one ampere flows 
under a pressure of 1 volt : the watt is thus occasionally 
called the volt-ampere. The symbol Pw. is sometimes 
used to signify electrical power. Thus : — 

watts (Pw.) = volts X amperes. 

Expressed in symbols : — 

Pw. = E (or P.D.) X 0. 
But E (or P.D.) = C x E (by Ohm's Law). 
•*. (substituting) P w. = C x R x 0. 

— P2T? (When circuit has no back 
-^-^- E.M.F.) 

The watts rate of working in the whole or any part of 
a circuit may thus be estimated by multiplying together 
the E.M.F. (or P.D.) and the current, or the square of 
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the current and the resistance. Worked examples are 
given in the Writer's Electric Wiring, Fittings^ Switches ^ 
and Lamps, 

Power is sometimes called activUy^ and the watt the 
unit of activity. The activity in a circuit is the rate of 
doing work. From this the meaning of the expression, 
activity of a current^ which is sometimes used, will be 
understood. It is not, however, quite correct to speak 
of the activity of a current, for the activity does not 
belong to the current any more than to the pressure ; 
because, as we have seen, it depends upon both. It is 
therefore more correct to speak of the activity in a 
circuit, 

* 34. Eleotbical Woek and Powee. The rate of 
doing work, multiplied by the time during which the 
work is done, will give the total amount of work done. 
In other words, power x time during which it is ex- 
erted will give the amount of work done, i.e, : — 

work = power x time. 

Power, being the rate of doing work, is measured by 

the amount of work done in a given time ; and is got 

by dividing the work done, by the time it takes to do 

it. Thus :— 

work = power x time ; 

-, work 

and power = -; — . 

time 

The unit of electrical work is called the joule, and is 
the amount of work done by one watt in one second, 
or by one ampere flowing for one second under a 
pressure of one volt, or by one coulomb flowing by 
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under a pressure of one volt. The joule is thus some- 
times called the watt-second^ the volt-ampere-second^ or 
the coulomb-volt 

work = power x time. 
I.e., joules = watts x seconds. 
But watts = E C = C2R (§ 33). 

;. joules = E Ct =Cmt 
where t is the time in seconds. 

The watt is sometimes defined as work done at the 
rate of 1 joule per second. 

* 35. Heating Effect of the Cubrent : Joule's 
Law. Heat is a form of energy, and to develop heat 
some other kind of energy must be expended, and 
work done. Heat developed in an electrical circuit 
denotes the expenditure of electrical energy, or the 
doing of electrical work. When a steady current 
flows round a metallic circuit, the whole of the work 
done by it goes to the development of heat. Heat 
generated means work done ; consequently heat is a 
form of work, and may be measured in the same units 
as work. 

The heat developed by a current in a conductor 
(§ 48) is proportioned to the resistance of the con- 
ductor, the square of the current strength, and the time 
of its flow. 

It must be clear that, with a given current, the 
greater the resistance the greater will be the heat 
developed, and the longer the current flows the greater 
the heat developed. The difficult point to remember 
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is that the heat depends on the square of the current : 
that is to say, if the current is doubled, four times the 
amount of heat will be generated, and so on. 

This difficulty vanishes, however, if it be remem- 
bered that heat is a form or manifestation of work 
done; and we know that work done in a circuit de- 
pends, among other things, on the square of the 
strength of the current (§ 34). 

The heating efltect of the current is sometimes called 
the joule effect^ after James Prescott Joule, who dis- 
covered the law relating to it. Simply expressed, this 
is: — 

H = i?rt. 

Where H is the heat developed, c the current, r the 
resistance of the conductor, and t the time of flow. 

36. Heat Units. Any unit of work is also a unit 
of heat, for heat is a form of work done. We may 
therefore measure heat work done in joules thus : — 

Heat (in joules) = G^Rt (§ 34.) 

C, B, and t being in amperes, ohms, and seconds 
respectively. 

1 British Thermal Unit (B.T.U.) is the amount of 
heat required to raise one pound of water from 60° F. 
to 61° F. That is, it practically represents a pound 
weight of water raised one Fahrenheit degree in 
temperature. 

1 Calorie or Therm (French unit) is the amount of 
heat required to raise one gramme of water {i,e, one 
c.c.) one degree centigrade in temperature. Strictly 
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speaking the water should be at its greatest density, 
i.e. J at 4''0. 

Joule's equivalent, represented by J, is the amount of 
energy in ergs equivalent to the calorie, or to the B.T.U. 

1 B.T.U. = 780 foot-pounds = 1,060 joules = 

10,600,000,000 ergs (J). = 252 calories. 
1 Calorie = -00396 B.T.U. = 3-1 foot-pounds = (approx.) 
4-2 joules = (approx.) 42,000,000 ergs (J). 

The heat in calories evolved by a current of C 
amperes flowing under a pressure E volts through a 
circuit of R ohms during a time t seconds is : — 

Calories = C^ X R X ^ X -24 orExCx^x-24. 

For we have seen above that 1 calorie = 4'2 joules, 
and multiplying by '24 is the same as dividing by 4-2. 

The Tcilogramme'degree'Centigrade is a quantity of 
heat one thousand times the calorie, and is a unit 
used where large quantities are dealt with. 

37. Capacity. In § 16 it was explained that when 
electricity is at rest on a body, it is spoken of as a 
charge. Every conductor (or conducting body) is said 
to have a certain capacity for electricity, though not 
exactly in the same sense as a jug has a certain capa- 
city for water, as the capacity of a conductor depends 
upon its position and surroundings. 

The capacity of a conductor is measured by the 
number of coulombs of electricity it will hold when 
its potential or pressure is raised by a given amount. 
Thus, if one conductor requires three coulombs of elec- 
tricity to raise its potential to one volt, while another 
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reqtiires only one coulomb to raise its potential to the 
same degree, the capacity of the former conductor is 
three times that of the latter. 

38. The Oondenseb. When two condncting plates 
 are placed opposite each other, with a sheet of in- 
sulating material between them, the arrangement is 
termed a condenser. A condenser may be defined as 
an apparatus for " condensing " or " accumulating " a 
charge of electricity. This is effected by increasing 




Fig. I. Simple CondeusHr, 



the capacity of a conductor by bringing it near another 
conductor. The action of a condenser depends upon 
influence (or electrostatic induction), and the attraction 
of unlike charges.^ If an insulated conductor be far 
removed from other conductors, — hung up in the middle 
of an empty room, for instance, — a certain amount of 
electricity may be put into it, or abstracted from it, 

* The theory of the condenser is more fully dealt with in the 
Author's First Book of Electricily and Magnetism, 2ad Edition 

(Whittaker). 
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before its potential is raised or lowered to a given 
degree. But if that conductor be near to (but not 
touching) another conductor, especially if the latter be 
earth-connected, or connected with the other end of the 
circuit, the capacity of the first conductor is increased ; 
in other words, it will be possible to impart more elec- 
tricity to it, or take more away &om it, before its poten- 
tial is raised or lowered to the same degree as before. 

]Fig. 1 represents a simple form of condenser. OP 
is a glass plate, say one foot square, with a sheet of 
tinfoil, about eight inches square, gummed on each 
side. The glass plate fits upright in a slot cut in a 
block of wood W, which serves as a stand. The tinfoil 
sheets are placed in the middle of each side of the glass 
plate, so that there is a strip of glass two inches wide 
all round. The glass, where not covered by tinfoil, 
should be varnished. The tinfoil sheets, marked a and 
h in the drawing, are called the coatings of the con- 
denser. They should each have a little strip of tinfoil 
ec, soldered or fixed on, so as to form a kind of catch 
for the end of a wire, when it is desired to connect the 
condenser with anything. 

The insulating material which separates the coatings 
of a condenser, and which may be glass, ebonite, 
gutta-percha, paraffined paper, air, or other good insu- 
lator, is called the dielectric. 

Fig. 2 represents diagrammatically the construction 
of a condenser for practical work. Such a condenser 
may be made by interleaving sheets of tinfoil with 
stout note paper which has been previously dipped in 
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melted paraffin wax. This not only prevents the paper 
from getting damp, but fills up its pores and renders it 
altogether a better insulator. The thick lines P repre- 
sent the paraffined paper or other suitable dielectric, 
such as mica; and the thin lines T represent the tinfoil 
sheets. Alternate sheets are connected together to 
form the two coatings^ or plates of the condenser. 

39. Action op a Condenser. The action of a con- 
denser may be explained by saying that it accumulates 
electrical energy when one coating or set of plates is 



u 



J? 



Fig. 2. Diagram of Condenser. 

connected with one terminal of a source of electro- 
motive force, and the other is connected with Earth, or 
with the other terminal of the source. 

The following experiments with an influence machine 
will give an idea of the action of a condenser ; but with 
such high pressure electricity, it is necessary to use one 
with a stout, thick dielectric, such as a simple condenser 
(Fig. 1), or a leyden jar. 

JEccp. 1. Disconnect the leyden jars of the influence 
machine. On working the latter, a continuous 
stream of thin sparks will pass between the ter- 
minals. 
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Exp. 2. Connect either of the coatings of a simple 
condenser (Fig. 1) to one of the terminals, the 
other coating being insulated. No appreciable 
difference will be noticed in the action of the 
machine. 

Exp. 3. Connect one of the coatings to one terminal 
T of the machine, and the other coating to the 
other terminal 7\. (Fig. 3.) The machine when 
worked, instead of giving a continuous stream of 
sparks, will give sparks at intervals, but they will 
be much thicker than before. 




Fig. 3. Action of Condenser. 

Apparently, electricity streams into the condenser c 
until it is fully charged ; and then the condenser over- 
flows, so to speak, and gives a very bright thick spark. 

40. Unit of Capacity. The unit of capacity is 
3alled the farad. A. condenser has a capacity of one 
farad when it requires a charge of one coulomb to raise 
the P.D. at its terminals to 1 volt. A condenser of 
such a capacity would be much too large for practical 
work ; in fact, an average size of condenser used in 
testing is one having a capacity of 1 microfarad, i.e., 
one-millionth part of a farad. 

1 microfarad = 1 mfd. = 'OOOOOl farad. 
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41. ENERaY IN A Condenser. When a condenser is 
charged by a steady pressure, the energy stored up by 
the condenser is half that taken up from the charging 
circuit, because the potential difference across the 
condenser plates begins with nothing, and ends with 
the P.D. of the ends of the circuit ; its average value 
being thus half that of the charging pressure. The 
energy is therefore partly stored up in the condenser, 
and partly dissipated in the act of charging. The 
energy absorbed from the circuit in charging is 
obtained by multiplying the quantity (Q) and the 
charging pressure (V) together, giving joules, for 
joules = coulombs x volts (§ 34). If the capacity (K) 
and V be given, Q may easily be found, for : — 

Q=KV. 

Then Q x V x 7373 {i.e. joules x -7373) = foot-pounds of 
work expended in charging the condenser (§ 12). 

To find the energy in the condenser, i.e., that which 
will appear on discharge, the formula — 

K X V2 4- 2-712 (foot-pounds) 



may be used. This would be found to give just half 
the value obtained by the above method for any case 
where a capacity is charged at a fixed pressure. 

^, ^ . K X V« Q X V X -7373 .^ ,^ 

That IS : oTtTo" ~ o = f t.-lbs. work done 

by discharge. As, however, Q cannot be found without 
knowing K, it is more convenient to use the first 
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expression. Thus the energy of discharge of a con- 
denser 

- ^ ft-lbs.= ^ jonlea (§ 12), 

K being the capacity of the condenser in farads, and 
V the charging pressure in volts. 

42. Uses of Condensebs. Condensers are indis- 
pensable in telegraph work, and Mr. Swinburne has 
maintained that they may prove of use in alternate- 
current electric lighting. He has constructed tinfoil 
condensers with thick paper dielectric compressed be- 
tween iron plates, and placed in a solid iron air-tight 
box filled with paraffin oil to maintain the insulation. 
The action of condensers with alternating currents, 
and the theory of their use in electric-light work, 
cannot be considered here. 



CHAPTEE II.— QUESTIONS. 

In answering these questions, give shdches wherever possible, 

♦1. What is the diflference between an electric charge and a 
current of electricity ? 

*2. Define: conductor, insulator, resistance, conductance, 
pressure. 

3. Explain the difference between conductance and conduc- 
tivity. 

*4. Arrange the following in their order of conductance:^ 
platinum, platinoid, copper, bismuth, and german silver. 

*5. Arrange the following in their order of resistance : silver, 
ebonite, aluminium, guttapercha, iron, wood, and manganin. 

6 How are the conductivity and resistivity of metals 
measured and expressed ? 

IS 
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*1, On what does the resistance of a wire depend ? 
8. A copper conductor of a certain gauge has a resistance of 
1*6 0) per 100 yds. Find the resistance of 320 yds. of the same 
conductor. 

9i A certain length of copper wire has a cross section of 
'003 sq. cm., and a resistance of 72 a>. What will be the 
resistance of a wire 'Oil sq. cm. cross section, and of equal 
length ? 

10. What are the relative cross sections of two conducting 
cables, the diameters of which are respectively 700 mils, and 
5 mm.? 

11. A certain copper wire has a resistance of 2*3 o. What 
will be the resistance of a manganin wire of similar length and 
gauge? 

12. A certain length and gauge of platinoid wire has a resist- 
ance of 30 a>. How much longer must a copper wire (ot the 

same gauge) be to give the same resistance ? 

13. What Ib the resistancd of a copper wire ith of a mile long, and 
'006 sq. cm. cross section ? 

14. If yon had two bandies of the same kind, qnality, and gaage of 
wire, how conld you tell approximately their relative resistances by weighing 
them P 

*15. Say what yon know abonl electrical pressure. 

*16. Name the units of conductance, resistance, pressure, quantity, and 
current. 

*17. Say exactly what you understand by a current of electricity. 
18. What is tbe e£fect of heat, generally speaking, upon tbe resistance of 
conductors and insulators ? 

*19. Distinguish between quantity and current. Ho^ can the quantity of 
electricity which has passed through a conductor be ascertained ? 

20. Why has pressure as well as quantity to be taken into account in the 
supply of electricity P 

21. What is the commercial unit of electrical supply P 

22. Give six equivalents of the above unit, other than those mentioned in 
this book. 

*23. Every circuit may be divided into three parts ; what are they P 

•24. What is Ohm's law P 

*25. A dynamo which maintains a constant P.D. at its terminals of 106 
volts, is connected with a circuit having a resistance of 6*7 m. What is the 
current P 
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*26. A circuit containing a dynaiAo whose B.M.F. ia 60 volts, baa a corrent 
of 30 amperes flowing round it. What i^ the resistance of the circuit ? 

*27. What is the P.D. at the ends of a circuit having a resistance of 12 «^ 
and carrying a current of 17 amperes ? ^ 

28. How would you ascertain the power absorbed and work done in any 
given portion of an electric circuit ? 

29. Explain clearly what is meuit by ctctivity in a circuit. 

30. Define the terms watt, joule, coulomb, Board of Trade unit, as applied 
in electric measurement. Distinguish between work and power. Is Afoot- 
pound a unit of work or power ? [Ord. 1890.] 

31. State and explain Joule's law of the development of heat in a circuit. 
*32. What are the watt, pound, horse-power, volt, ampere and ohm ? Give 

any relations you can between them. [Prel. 1895.] 

33. Define one watt, one kilowatt, and one horse-power. Also, if 1 ft. = 
30.48 cm., and 1 lb. = 453*6 grammes, calculate the number of ergs equal to 
one foot-pound at a place where the acceleration of gravity is 981 cm. per 
second. Lastly, calculate the number of ergs per second equal to 1 h.p. 
[Ord. 1896.] 

^*34. Define an ampere, 10,000 volts, one megohm, a kilowatt, 40 Board of 
Trade units, and 100 h.p. [Prel. 1897.] 

*35. Define a dyne, watt, horse-power, joule. Board of Trade unit. 
[Prel. 1898.] 

36. Distinguish between the Board of Trade unit and the calorie. 

37. Say what you know about capacity. 

38. Explain the construction and action of a simple condenser. 

39. Define : microfarad, condenser, capacity, dielectric, watt. 

40. A condenser having a capacity of two microfturads is connected to 
two terminals maintained at 2,000 volts ; how much work is taken from the 
terminals, and how much can be got out of the condenser again ? [Ord . 
1895.] 

41. One of the Ferranti mains between Deptford and London has a 
capacity of 3 micro&rads. What is the work stored in it, in ergs, if the 
inner and outer conductors are charged to a potential difference of 10,000 
▼olts? [Ord. 1892.] 

42. What do you know regarding the use of condensers ? 

*43. How does the resistance of the following substances vary with the 
temperature : carbon, copper, glass, guttapercha, iron, manganin, platinoid ? 
[Prel. 1897.] 



1 Numerous other examples of calculations based on Ohm's Law, etc.. 
are given in the Author's Electric Wiring, Fittings, Switches, and Lamps^ 
which is a supplement to this work. 
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CHAPTER m. 

The figures refer to the numbered paragraphs. 

Electricity, 43. Current, 44. Potential, 45. Action of a Dynamo 
or Battery, 46. Fall of Potential, 47. Effects of a Current, 48. 
Magnetic Effect of the Current, 49. Bules giving the relation 
between a Direct Current in a Conductor and the + Direction 
round its Field, 50. Right-hand Rule for finding the Direction 
of Deflection of a Magnetic Needle by a Direct Current in a 
Conductor, 51. Bight-hand Bule for finding the Direction of 
a Direct Current in a Conductor, 52. Magnets, 53. Lines of 
Force, 54. Molecular Theory of Magnetism, 55. Straight- wire 
and Spiral Electro- magnets, 56. The Solenoid, 57. Types of 
Electro-magnet, 58. Rules for determining the Polarity of a 
Solenoid or of an Electro-magnet, 59. Alternate-current 
Electro-magnets, 59a. Questions, page 78. 

* 43. Electricity. Whatever electricity may be, we 
assume for convenience that it is a something or other 
which can flow through a conductor when a difference 
of potential, or electrical pressure, or electrical level is 
set up between the ends of that conductor : or, in other 
words, when the conductor forms part of a circuit 
containing a source of E.M.F. 

* 44. Current. When electricity flows along a con- 
ductor, we speak of it as a current. There are two 
chief kinds of current. 

(a) direct, or continuous ; 
and (Jb) alternating. 



§§ 44, 46] POTENTIAL. 58 

A direct or contintLou8 current is one which flows 
round the circuit always in the same direction, while 
an alterruiting or alternate current is one which changes 
in direction many hundred times a minute. For the 
present we shall only consider direct currents, alter- 
nating currents being briefly dealt with in the author's 
" Alternating-Current Circuit," and in Chap. XL 
Currents of electricity may be obtained either from 
dynamos or batteries, but these must not be looked 
upon as generators of electricity — that is impossible, 
but rather as arrangements for creating or setting up 
a diflference of electrical pressure or level, thereby 
causing electricity to flow round the circuit. 

 46. Potential. The potential at any point in a 
circuit is the electrical pressure or level above or below 
that of the Earth, which is taken as zero : just as we 
measure heights or depths from the sea level, or 
temperatures with respect to that of melting ice. 
Electrical potential above that of the Earth is called 
positive ( + ) ; and below that of the Earth, negative 
( — ). It is possible for two points in a circuit to be 
both either at a + or at a — potential, and yet there 
may be a difference of potential, or a potential differ- 
ence between them. Whenever a potential difference 
{P.D.) is created, electricity is set in motion, and may 
be supposed to flow from the point at high potential to 
the point at low potential, when the points are con- 
nected by a conductor. 

Everything may roughly be considered to be imbued 
or saturated with a something called electricity, but so 
long as there is no potential difference, no electrical 
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manifestation will take place. Every electrical circuit 
may be supposed to be charged with electricity at rest, 
and at the normal or zero potential. The introduction 
of a dynamo or battery sets up an electromotive force, 
and creates a potential diflference between the ends of 
the circuit, and so sets the electricity in motion : con- 
sequently the dynamo or battery must not be looked 
upon as a device for supplying electricity to the 
circuit, but as a kind of electrical pump for pumping 
or setting into motion the electricity already existing 
there. The greater the electromotive or electro- 
pumping force, i.e., the greater the P.D. set up between 
the ends of the circuit, the faster will the electricity 
flow round, and therefore the greater will be the 
current. 

* 46. Action of a Dynamo or Batteby. A primary 
or secondary cell (or battery) may be looked upon as 
an electric pump, in which the electromotive or " elec- 
tro-pumping " force is set up by the chemical action 
going on within the cell. A dynamo is also an electric 
pump, whose E.M.F. is due to the movement of con- 
ductors and magnetic lines-of-force across each other. 
A direct-current dynamo, like a battery, is a pump 
which works continuously in one direction. An alter- 
nator may be likened to a pump exerting its force first 
in one direction and then in the other, producing a 
rapid oscillation of electricity in the circuit, instead 
of a continuous flow in one direction. When a battery 
or direct-current dynamo is joined up in an incomplete 
circuit, it may be likened to a pump, P (Fig. 4) whose 
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inlet and outlet are connected round by a pipe in 
which is a stopcock, S C, the whole being watertight, 
and filled with water. K the stopcock be closed, work- 
ing the pump will produce a difference of pressure 
on the two sides of the stopcock, the pressure being 
greater than the normal on the right-hand side, and 
less than the normal on the left-hand side; the dif- 
ference of pressure (indicated in the figure by + and 





BeUUry in'Dh'eMQrrtnX 
Dynamo 

Fig. 4. Hydraulic analogue illustrating the Electric Circuit. 

- signs) depending upon the " watermotive force " of 
the pump. If the stopcock be opened, there will be 
a continuous flow of water round the circuit, the rate 
of flow depending on the " watermotive force " of the 
pump, and on the internal diameter and shortness of 
the pipe circuit. When the battery (or dynamo) is on 
open circuit (Fig. 4), i.e., when the switch S (which 
corresponds with SO in the right-hand figure,) is " off," 
and before the E.M.F. is allowed to act, we may consider 
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that the wires and battery (or dynamo conductors) 
are imbued with electricity evenly distributed. "When 
the E.M.F. acts, the circuit still being open, there is a 
momentary passage of electricity through the battery 
(or dynamo), creating a potential difference between 
the two ends of the circuit ; but as the E.M.F. of a 
battery or ordinary dynamo is small as compared with 
that of an influence machine, for instance, there will 
be practically no spark or other discharge across the 
air-gap at the switch. When, however, the latter is 
closed, there will be a continuous flow of electricity 
round the circuit, the rate of which (in amperes) will 
be directly proportional to the E.M.F. of the battery 
or dynamo (in volts), and inversely proportional to the 
resistance of the circuit (in ohms). Ohm's law, or the 
law of direct-current flow in the electric circuit, is 
comparable with the law of flow of water in the pipe 
circuit. 

*47. Fall OP Potential. Dependent upon the E.M.F. 
of the dynamo or battery, and on the resistance of the 
whole circuit, there is a certain P.D. set up between 
the ends of the circuit where it is joined to the terminals 
of the dynamo or battery ; this P.D. is measured in 
volts, and the potential is said to fall from the + end 
of the circuit to the — end. The total fall of potential 
in volts is equivalent to the P.D. between the ends 
of the circuit. Thus, if the P.D. is 100 volts, the 
potential falls from 100 volts at the + end of the 
circuit to zero at the — end. 

If the circuit conductor is uniform in conductivity 
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and cross section, the fall of potential will be nniform. 
Fig. 6 illustrates this by an hydraulic analogy. 

The water in the cistern C, which is kept at a con- 
stant level, has a certain definite head or pressure, in 
feet, for instance. It is allowed to discharge itself 
through the horizontal pipe P of uniform bore. If a 
number of vertical open tubes be fixed at equal dis- 
tances along this discharge pipe, the water will rise 
in each tube to a certain height, depending on the 




Fig. 5. 
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Hydraulic analogue illustrating Fall of Potential. 



distance of the tube from the cistern ; and the height 
will denote the water pressure which exists at any 
given point along the discharge pipe. It will then 
be noticed that the pressure falls gradually and uni- 
formly from one end to the other, as indicated by the 
dotted line L. 

Compare Fig. 6 with Fig. 6, where a c is a wire 
of uniform conductance, a and c are connected re- 
spectively with the + and - terminals of a dynamo 
-D, which maintains a P.D. of 100 volts between the 
ends of the wire a c. The potential therefore falls 
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uniformly (as indicated by the sloping dotted line) 
from 100 volts at a to zero at c. At a point 6, midway 
along the wire, the potential would be BO volts below 



a, and BO volts above c. 



On the other hand, suppose the circuit be made up 
of sections having different resistances for a given 
length. The fall of potential will not be uniform, 
being most sudden where the resistance is greatest, 

,60 V 



^sov 



\ 



'^^. 





Fig. 6. Fall of Potential. 

and more gradual where the resistance is least. This 
will be understood from the following figures, 7 and 8, 
which should be compared with Figs. B and 6. In 
Fig. 7 the discharge pipe P is not uniform, and the 
fall of press 'ire, as indicated by the height of the water 
in the vertical tubes, is greater in those sections which 
have the smaller bore. 

In Fig. 8 there is a drop of, say 10 volts, between a 
and b and between c and d : but the sections b c and 
d e of the circuit, having greater resistance, cause a 
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drop of, say 40 volts, in each case. Therefore : — wWi a 
gwen current j the fall of potential in any part of a circuit 
is proportional to the resistance of that part. 
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Fig. 7. Hydraulic analogue illustratiiigFall of PotentiaL 
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Fig. 8. Fall of Potential. 



A correct understanding of fall of potential (or drop 
in volts as it is sometimes termed,) in a conductor, is of 
great importance in practice. Bearing in mind that 
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the fall of potential^ or drop of voltSj or loss of volts in a 
conductor forming part of a circuit, is the same as the 
P.D. between the ends of the conductor ; the truth of 
the following statements, which embody the applica- 
tion of Ohm's law to part of the circuit, will be evident. 

(a) Current in conductor = 

Drop in volts along conductor 
Resistance of conductor 

(6) Resistance of conductor = 

Drop in volts along conductor 
Current in conductor 

(c) Drop in volts in conductor = Resistance of con- 
ductor X Current in conductor. 
Numerical examples are given in the Author's Electric Wir- 
ing, Fittings, Switches, and Lamps, 
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Fig. 9. Magnetic Field due to a Direct Current in a Straight 

Conductor. 

* 48. Effects of a Cubrent. The chief effects of a 
current are four in number : — 

(a) Magnetic, A current flowing along a conductor 
sets up a magnetic field around the conductor. 
If the conductor be straight, the field will consist 
of concentric circular lines of force (Fig. 9). If 
the conductor be coiled up into a spiral, the field 
will be made up of lines running more or less 
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through the coil, and out at either end. (Fig. 
17.) 
(6) Heating, or Luminous. "Whenever a current flows 
along a conductor, heat is developed in the con- 
ductor, the rate depending on its resistance and 
on the current. (§ 36). If the current is great, 
and the wire thin, sufficient heat will be de- 
veloped to render the wire incandescent. This 
is the principle on which glow lamps are con- 
structed. 

If the two ends of a circuit having a P.D. of 
above 40 volts be brought together and then 
slightly separated, an intense light will play 
in the gap thus introduced in the circuit. This 
light is due to the formation of the electric arc, 
and the colour of the light emitted depends on 
the material composing the ends of the circuit 
between which the arc plays. This is the prin- 
ciple of the arc lamp. 

(c) Chemical. When electricity is passed through 
certain chemical solutions, it splits them up into 
their constituents. This action is known as 
electrolysis, i.e., electric analysis (Chap. XV.). 

(d) Physiological. The passage of currents through 
the body produces contraction of the muscles, 
etc. ; and when a current is maintained under a 
high pressure, death generally ensues. 

* 49. Magnetic Effect of the Oubbent. Because 
of the magnetic field set up round a conductor carry- 
ing a current, a magnetic needle placed above or below 
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the conductor and parallel with it, will tend to turn 
at right angles with the conductor, and how far it 
succeeds in doing this will depend upon the strength 
of the current. If the current, and therefore the field, 
be strong, the conductor will pick up iron filings. 
A magnetic field is any space filled with lines of 
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Figs. 10 and 11. Bight-hand Bule for finding the + direction 
round the Magnetic Field of a Straight Conductor carrying a Direct 
Current. 

magnetic force. These lines, when once set up by a 
steady direct current, do not move, but we suppose a 
certain " positive " and " negative " direction along 
them, just as we speak of the "up" or "down" 
directions along a road or railway. The positive direc- 
tion along the lines of a magnetic field is the direction 
in which a free N. pole, if it were possible to get one, 
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would travel ; viz., from the N. to the S. pole of a 
magnet or solenoid, through the air outside. 

* 50. Rules qtvinq the relation between a Direct 
oukeent in a conductob, and the positive dieection 
ROUND ITS Field. 
(a) Eight-hand rule for pindino the positive direc- 
tion ROUND the magnetic FIELD OF A STRAIGHT 
conductor CARRYING A DIRECT CURRENT^ (Cul- 

lingfotd). (Figs. 10 and 11.) Place the right 
hand across the conductor^ with the palm facing 

! ' <'-^^\ \ ''/--:^\ \ 
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Fig. 12. Direction of the Magnetic Field round a Conductor. 

the conductor J and the outstretched thumb pointing 
in the direction of the current: then the fingers 
curled round the wire will denote the positive direc- 
tion along the conductor's circular lines of force, 

* N.B. — ^In this and all following hand rules (excepting only 
the Bule in §63) the right hand is used. In all cases, for uni- 
formity's sake : (i.) the thumb denotes the direction of the cur- 
rent ; (ii.) the hand is placed with its palm facing the conductor ; 
(iii.) the first, and sometimes also the other fingers denote the 
+ direction along the field. [See paper by the Author in Elec- 
trical Review^ Jan. 15th, 1892.] 
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(6) Clockpacb bulb. (Figs. 9 and 12.) Looking at the 
end of the conductor^ if the current is going from 
us, the positive direction round the field is the same 
as that in which the hands of a clock move {clock- 
wise) : if the current is coming to us, the positive 
direction round the field is opposite to thai in which 
the hands of a clock move {counter clockwise). 
(c) ScEEW RULE. Associotc the rotation and travel of 
a right-handed screw with, respectively, the + direc- 
tion round the field, and the direction of the current, 
looking at the end of the conductor. Thus, to drive 
the screw in it must be turned in a clockwise 
direction : the current goes in and the field is in 
a clockwise direction. To bring the screw out 
it must be turned in a counter clockwise direc- 
tion : if the current is coming out, the field is in 
a counter clockwise direction. We look at the 
head of the screw and the end of the conductor. 
* 61. EiOHT-HAND Rule for finding the Direction 
OF Deflection of a Magnetic Needle by a Direct 
Current in a Conductor. (Maycock.) (Figs. 13 and 14.) 
Place the right hand across the conductor, and on the same 
side of the conductor as the magnetic needle ; unth the palm 
facing the conductor, and the outstretched thumb pointing 
in the direction of the current : then the fingers mil denote 
the direction in which the N. pole of the needle vnll turn. 

The converse of this rule, given in the next para- 
graph, is the more useful, as it enables us to tell the 
direction of the current, by observing the deflection of 
a magnetic needle held above or below the conductor. 
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* 62. RlOHT-HAKD BULE FOB FINDING THK DiBECTION 
OF A DiKECT CUBBENT IN A CJoNDUCTOE. (MayCOCk.) 

(Figs. 13 and 14.) (1) Move the condtictorj if possible^ 
into the magnetic meridian. (2) Hold a small compass 
needle above or below the conductor, and observe the direc- 
tion in which the N. pole of the needle is delected. (3) 
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Figs. 18 and 14 Bight-hand Bule for finding the direction of 
deflection of a Magnetic Needle by a Direct Current. 

Place the right hand the same side of the conductor as the 
needle^ with the palm facing the conductor^ and the fingers 
pointing in the direction of depletion of the N, pole of the 
needle. Then the outstretched thumb will denote the 
direction of the current 

F 
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• B3, MAaHETB. A magnet is anything which has the 
power of attracting pieces of iron or steel apart from 
most other bodies. There are two principal kinds of 
magnet, permanent and electro. The former are made 
of hardened steel, and when once^ magnetised, retain 
their power. The latter are due to the magnetic effect 
of the current, described in § 49, and are generally 




Fig. lb. Magnetic Field of a 
Bar Magnet. 



Fit(. 16. Magnetic Field of a 
Horseehoe Magnet. 

made by winding an insulated conductor around soft 
iron. When electricity flows through the conductor 
the iron becomes magnetic, but loses most if not all of 
its magnetism directly the current ceases. There need 
not necessarily be iron in an electro-magnet, bat the 
addition of iron increases the magnetic effect. For in- 
stance, when a current flows through a conductor, thai 
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conductor becomes an electro- magnet throughout its 
entire length, for it is able to pick up iron filings. (§ 49.) 
* 54. Lines of Force. The power which any magnet 
possesses, of picking up pieces of iron, and of acting 
"apon another magnet, depends upon the existence of 
lines of magnetic force. In the case of a permanent 
magnet, the majority of these lines pass through the 
air from the N. to the S. pole, and through the sub- 
stance of the magnet itself from the S. to the N. pole ; as 
shown in Figs. 15 and 16, where the arrows denote the 




Fig. 17. Magnetic Field of a Solenoid. 

+ direction along the field.^ In the case of a straight 
current-carrying conductor, the lines of force arrange 
themselves in concentric circles about the conductor 
(Fig. 9). In the case of a helix or solenoid, the lines 
run more or less through the coil and out at each end 
(Fig. 17). If there be iron in the electro-magnet, such 
as an iron bar in a straight coil of wire, more of the 
lines pass from end to end of the coil, without leaking 

^ Fig. 16 is only fairly correct as regards the disposition of 
the field. 
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out at the sides, and the number of lines is very much 
increased (Fig. 18). 

* 66. Molecular Theory of Magnetism. According 
to this generally accepted theory, every molecule of 
iron or steel is a complete magnet having a N. and a 
S. pole. In the so-called unmagnetised condition of 
the metal, these magnetised molecules are so jumbled 
up as to complete their magnetic circuits through 
themselves : consequently no lines pass into the air, and 




Fig. 18. Simple Bar Electro-Magnet. 

there is no free magnetism. If lines of force, either 
from another magnet, or due to a current in a con- 
ductor, be caused to pass through a piece of iron or 
steel ; all the little magnetised molecules, previously 
jumbled up, will set themselves, more or less, in straight 
rows along the Unes which are passing amongst them, 
with their N. poles pointing in the + direction along the 
lines. The effect of this is to give us a free N. pole at 
one end of the piece of iron or steel, and a free S. pole 
at the other end. In this condition the iron or steel is 
said to be polarised. In the case of hardened steel, the 
molecules when once set in line remain so, hence the 
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permanent magnetisation. With soft iron, on the other 
hand, directly the inducing lines of force are removed, 
the molecules, which may be supposed to be very 
much less closely packed together than the molecules 
of hardened steel, tend to jumble themselves up again, 
and wholly or partially succeed in so doing, according 
to the softness and quality of the iron. Hence the 
fact of the temporary magnetisation of an electro- 
magnet. 

In engineering work, without disputing the mole- 
cular theory, it is found more convenient to talk about 
good and bad conductors of magnetic lines. Thus air, 
and brass, and other non-magnetic bodies conduct 
magnetic lines rather poorly ; while iron and steel have 
very great magnetic conductance. (Chap. VI.) 

 56. Stbaiqht-wibe and Spiral Electro-magnets. 
It is possible to utilise and increase the magnetic effect 
of a straight current by the arrangement shown in 
Fig. 19, which may be termed a straight wire electro- 
magnet : NS, NSj NSj is a length of split iron tube, 
such as a piece of gas-pipe cut in half longitudinally, 
NNN being the N. pole, and SSS the S. pole : or 
as in Fig. 20, representing a spiral electro-magnet j 
NS being a spiral of iron wire enclosing the conductor. 
In each case the circular lines pass through the iron, 
polarise it, and give us free poles, as shown. In the 
latter case there would be some leakage of lines, and 
therefore polarity, at the beginning and end of each 
turn of the spiral. Such electro-magnets are of little 
practical use, for the effect obtained is very slight, 
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owing to the small number of lines due to the current 
which are utilised. 

* 67. The Solenoid. The lines due to the current 
are concentrated by coiling up the wire, the lines 
altering their shape as shown in Fig. 17. Such an 
arrangement is termed a solenoid. A solenoid has 
N. and S. magnetic poles, and the result of introducing 
a bar of soft iron into the coil would be to very greatly 
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Fig. 19. Straight-Wire Electro-Magnet. 




Fig. 20. Spiral Electro-Magnet. 

increase the magnetic effect ; for the lines due to the 
current pass through the iron, polarise it, and bring 
into action a number of lines of force due to the 
magnetised iron bar, in addition to those previously 
due to the current in the solenoid. Every line of force 
is separate and distinct from every other line of force, 
no matter how closely packed together they may be ; 
and every line forms a complete curve which varies in 
shape, according to circumstances : consequently a line 
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of force has no end. This we can understand with 
regard to the circular lines dne to a straight current ; 
but in the case of a bar magnet, or solenoid, some of 
the lines appear to lose themselves in the air and end 
there. This is not the case, how- 
ever; each individual line com- 
pletes its curve, though we may 
not be able to follow it throughout 
its whole path. 

In Fig. 17, representing the 
magnetic £eld of a solenoid, it will 
be noticed that some of the lines 
do not pass through the whole 
length of the coil, but leak out at 
the sides and curve round to com- 
plete their circuits. This is due 
to the tendency of every line of 
force to shorten itself as much as 
possible. Because of this leaking "■- 

away, there are more lines passing 
through the centre of a solenoid 
than oat at either end. If a piece 
of iron be suspended over the 
mouth of a solenoid (Fig, 21), it 
wUI be forcibly drawn in to the ^js-2i- Atttactive 
, , ., , , Force of a Solenoid. 

centre of the coil, the tendency 
being for the piece of iron to travel to that part of the 
field where the lines are most densely packed together. 
On this account it is said that lines of force always 
tend to shorten themselves, and to follow as short a 
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path as possible. This action of the solenoid is made 
ose of in various devices, 

* 5S, Types op Electro-magnet.* 

{a) Straight wire. (§ 66 ; Fig. 19.) 

(6) Spiral. (§ 66 ; Fig. 20.) 

(c) Bar. (§ 64 ; Pig. 18.) 

(d) Horgeahoe. Fig. 22 shows three kinds of horse- 

shoe electro-magnet. In the first and second, 
the iron core of the magnet is in one piece ; 



Fig. 22. Three kinds of Horseshoe Bleotro-MagneL 

while in the third, the two cores are screwed to 
a back piece of iron {Y) termed the yoke. AAA 
are the armatures, 
(e) Horseshoe with one coil on the yoke. (Fig. 23.) 
In this type there is only one coil, which is 
fixed on the middle part of the core (or the 
yoke). 

' For further information <>n this subject, the student is 
referred to Prof. Silvanus P. Thompson's standard tt«atise on 
The hSectro-magntt. 
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(f) Club-foot (Fig. 24.) One coil only is used also 
in this magnet, but it is placed on one of the 
legs of the magnet, instead of on the yoke, as in 
type (e). In neither of these cases (e and /) is a 
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Fig. 23. Horseshoe Electro- 
Magnet with one Coil on Yoke. 



Fig. 24. Club-foot Electro- 
Magnet. 



saving of wire effected, for to obtain a given 
number of lines of force with a given mass and 
form of iron core, and a similar current, the 
number of turns must be nearly the same in 
each case (§ 86). 




Fig. 25. Ironclad Electro- Magnet, 

(<7) Ironclad. (Fig. 26.) In this magnet, the coil on 
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which the wire is wound has the top cheek of 
bra^H or zinc, and the bottom one of iron. The 
core Nf and the top edge of the iron cylinder 
8SSf which fits over the coil and core, form 
the two poles of the magnet, while the iron 
coil-cheek at the bottom forms the yoke. An 
appropriate armature for such a magnet would 
be a disk of soft iron. The ends of the^ coil 
pass through holes in the bottom cheek. 
(h) Annular ironclad. (Fig. 26.) This magnet is 




Fije;. 20. Annular Ironolad Electro- Magneti 

somewhat similar in principle to the straight 

wire magnet shown in Fig. 19, except that it is 

circular in shape, and has a number of turns of 

wire. The inner face forms the N. pole and the 

outer face the S. pole, while the flat washer acts 

as armature* The figure shows the coil and 

con^ in section, the front half being cut away. 

Thox^ ar^ \'t>ry many modifications of each of the 

alxwe principal types, according to the circumstances 

under which the magnet is to be employed. 

A form of olei'tiwmagnet which is largely used in 
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ezperimental work, consists of a ring of iron over-wonnd 
with insulated wire (Fig. 76). In this case the iron 
is magnetised, bat the lines of force complete their path 
entirely in the iron, and there is no free magnetism. 
The term "electro-magnet" generally implies the 
presence of free poles, and the consequent use of air 
as a portion of the path of the lines of force. The 
free poles can then be nsed to attract iron armatures, 
etc. 

* 69. bules fob detebuining the polaeitt of a 
Solenoid, oe of an Electeo-magnet. 

(a) Right-hand buls fob finding the polahity of 



Fig- 27. Bight-hand Rule for finding the Polarity of a Sntenoid 
or Electro- Magnet. 

 A SOLENOID, OB OF AN ELECTRO- MAGNET (MayCOckj 

{Fig. 27). Place the right hand lengthways on 
ike solenoid, or on the coil of the electro-magnet, 
with the palm facing the solenoid or coU, and the 
outstretched thumb pointing in the direction of the 
current : then the fingers will point in the + direc- 
tion along the external field, i.e., towards the S. 
pole. 
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(6) Clockpacb bule (Fig. 28). Looking at the end 
of tlie Holenoid or of the coU of the electro-magnet^ 
if the current is circulating in a clockwise direc- 
tion^ the pole facing the observer is S. : if the 
current he circulating in a counter clockwise 
direction^ the pole is N. 

(c) Screw bule. To assist in remembering rule 6. 
Associate the rotation and travel of a right-handed 




Pig. 28. Clockface Rule for determining the Polarity of a Solenoid 

or Electro-Magnet. 

screw ivUhy respectively, the circulation of the cur- 
rent, and the movement {attraction or repulsion) 
of an imaginary free N, pole held in front of the 
solenoid or magnet pole. The polarity of the latter 
is deduced from the movement {attraction or reptd- 
sion) of the little free pole. 
For supposing the pole to be S., then the little 
test N. pole would be attracted towards it ; if 
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it is desired to make the screw travel in the 
same direction, it must be turned in a clockwise 
direction. Therefore, we argue that the cur- 
rent round the pole is also in a clockwise direc- 
tion. On the other hand, supposing the pole to 
be N., the little test N. pole would be repelled 
towards the observer. If the screw is to travel 
in the same direction, it must be unscrewed, i.e, 
turned in a counter clockwise direction. From 
this we infer that the current round a N. pole 
is in a counter clockwise direction. We look 
at the head of the screw, and the face of the 
pole. 
59a. AltebnatingCureentElecteo-magnets. If an 
alternating current be sent round an electro-magnet 
with a solid iron core, the latter will become very hot, 
and therefore only comparatively slightly magnetised. 
In Chapter XVI. it will be shown that when an 
alternating current flows round a circuit, a secondary 
alternating current is induced in a neighbouring circuit. 
If an alternating current be sent round the coil of a 
solid core electro-magnet, the core may be looked upon 
as a neighbouring conductor, and secondary currents 
(or, as we would call them in this case, eddy currents^) 
will be continuously set up in the core, absorbing a 
good deal of energy, and at last heating the core so 
much that the insulation of the coils may be burnt 
:away. 

The cores, yoke, and armature of an electro-magnet 
intended for use with alternating currents, should be 



78 ELEOTRIO LIGHTING, ETC. [chap. iii. 

made of the best and softest iron, and most carefully 
laminated (§ 164) : each part being insulated from the 
other. This stops the circulation of eddy currents 
in, and consequent excessive heating of, the core ; 
and the iron is thus rendered more susceptible to 
the rapid reversals of the magnetic field.^ 

An alternating current magnet with a solid core is 
less effective than the same with a laminated core, for 
three reasons : — (1) the ^aste of energy in heat ; (2) 
the higher temperature (the susceptibility of iron to 
magnetisation decreases as the temperature increases, 
as proof of which it will be remembered that a magnet 
will not attract a red-hot piece of iron) ; (3) the de- 
magnetising effect of the eddy currents. 

Badly designed alternating current magnets, trans- 
formers, etc., " hum '' when the current is passing. 
This may be supposed to be due to the continuous 
movement of the molecules of the iron core. 

Electro-magnetic phenomena are more fully dealt 
with in Chapters IV. and VI. 



CHAPTER III.— QUESTIONS. 

In answering these questions^ give sketches wherever possible, 

*1. Distinguish between a direct and an alternating current. 
^'2. What do you understand \iY potential And poterUial differ- 
ence f 

^ The heating of a solid core in the manner described has 
been suggested by Ferranti, Rankin Kennedy, and others as a 
form of electric heater. Most forms of electric heater derive 
their heat from current circulating in wires of high resistance. 
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*3. Show clearly by explanation (in your own words) and 
sketches what is meant by thQ fall of potential round a circuit. 

^4. Under what circumstances is the fall of potential round 
a circuit uniform ? 

*5. H(>w do you regard the action of a dynamo or battery 
when it sets up a current in a circuit ? 

*6. Enumerate the chief " effects " of an electric current, and 
name a practical application of each. 

*7. Define: magnetic field, + direction along lines of force, 
electrolysis. 

*8. Knowing the direction of the current in a conductor, how 
would you deduce therefrom the + direction of the field ? 

9. Draw a solenoid showing roughly the lines of force before 
and after the introduction of a soft iron core. [Ord. 1895.] 

*10. In how many ways could you find out the direction of 
the current in a conductor ? 

♦11. D^ne: magnet, permanent magnet, electro-magnet, 
lines of force. 

*12. What is meant by the expressions ** drop in volts," or 
" loss of volts " ? 

13. Explain in your own words the molecular theory of 
magnetism. 

*14. Under what conditions is a bar of iron or steel said to 
have " free magnetism " ? 

♦15. How could you magnetise iron by means of a current in 
a straight conductor ? 

♦16. Give sketches of the magnetic fields due respectively to 
the current in (i.) a straight wire, (ii.) a solenoid, (iii.) a sole- 
noid with an iron core, and (iv.) a semicircular solenoid. 

♦17. Explain the distribution of lines of force in a current- 
carrying solenoid, and say how and why the introduction of an 
iron core alters that distribution. 

♦18. How could you magnetise a steel corkscrew by means of 
the current in a straight wire ? 

id. Give a concise list, with sketches, of the principal types 
of electro-magnet. Draw some form not shown in this book. 

*20, Explain the difference between bar and horseshoe electro- 
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magnets. Say which you think is the most convenient kind 
for any purpose, and why. 

21. Give sketches of two kinds of ironclad electro-magnet, 
showing clearly the direction of the current, and of the field. 

22. Mention a type of electro-magnetic apparatus in which 
there are magnetic lines of force, but no free poles. 

23. Supposing you had to make two similarly shaped electro- 
magnets, one for use with direct currents, and the other for 
alternating currents : would you construct them the same way 
or not ? Give reasons and sketches. 

*24. Why does an electro-magnet pull so much les.^ if you 
take out the iron core and replace *it with a brass one? [Prel. 
1895.] 

25. Why would an alternate-current magnet with a solid core 
be less efficient than if it had a laminated one ? 

*26. An electro-magnet is required to work quickly, and to 
let go the armature instantly on the cessation of the current. 
How could this result be obtained? [Prel. 1901.] 

*27. If two similar iron bars are put together inside a solenoid, 
what is the eflfect on them (1) when the bars are placed end to 
end ; (2) when they lie side by side? [Prel. 1898.] 

28. Calculate the size, resistance and weight of copper wire 
such that, if wound on a magnet core 7 in. by 3 J in., and having 
a potential difference of 25 volts maintained between the 
terminals, 5,000 ampere-turns will be produced. Length inside 
former is 8 in. [Ord. 1898.] 

29. Calculate the size, resistance and weight of copper wire 
such that, if wound on a cylindrical iron core 6 ins. long, 3i in. 
diameter, and having a P.D. of 50 volts between its terminals, 
4,440 ampere-turns will be produced. The diameter of the com- 
pleted coil is to be 7i in. A cubic foot of copper weighs 550 lbs. 
[Ord. 1900.] 
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CHAPTER TV. 

Tlie figures refer to the numbered paragraphi, 

Indaction of Currents, 60. Experiments on Electro-magnetio In- 
duction, 61. Laws of Electro-magnetic Induction: Faraday^s 
Law, General Laws, 62. Left-hand rule for finding the direction 
of the E.M.F. induced in a Conductor which is moved across a 
Magnetic Field, 68. Comment^ on preceding Experiments, 64. 
Lenz^s Law. 65. Further comments on Experiments in § 61, 66. 
Inductance or Self-induction, 67. Mutual Induction, 68. At- 
traction and Bepulsion of Currents, 69. Questions, page d7. 

 60. Induction of Cubeents. We have seen that 
when electricity flows through a straight conductor, 
circular lines of force are set up round the conductor. 
Also, when electricity flows round a solenoid or coil, 
lines of force are set up which pass through the coil. 
The converse of these is true, for : — 
(a) If we take a straight conductor forming part of 
a closed circuit, and bring it into an independent 
magnetic field, so that it cuts the lines of force, 
a momentary current will be induced in the 
conductor : and when it is withdrawn from the 
field, a second momentary current wiU be in- 
duced, in the opposite direction to the first 
induced current. 
(6) If we take a coil forming part of a closed circuit, 
and poke lines of force from an independent 
source into it, so that they cut the conductor, a 
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momentary current will be induced : and when 
the lines are withdrawn, another momentary 
current will be induced, in the opposite direction 
to the first current. 
Bearing these observations in mind, the following 

experiments on electro-magnetic induction will be 

clearly understood. 








Fig. 29. Induction of Currents. 
* 61. EXPEBIMBNTS ON ElECTBO-MAQNETIO INDUCTION. 

{a) Required, — A strong bar magnet, and a length of 
wire joined up with a sensitive mirror galvano- 
meter O (§ 119), far enough away as to be out 
of reach of the direct influence of the magnet. 
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EocpeHment — Fig. 29. If tbe conductor be passed 
up and down across the field of the magnet, momen- 
tary currents will be set up, as indicated by the move- 
ment of the spot of light on the scale. The induced 
current will be in one direction when the wire is 
moved down, and in the other when it is moved up. 
The direction of the induced currents will be reversed 
according as the N. or S. pole of the magnet is used. 

As the magnetic field in front of the pole of a bar 
magnet is not generally so strong as that between the 
poles of a horseshoe magnet, the latter will give better 
results, especially if it be an electro- magnet. 





K 



Fig. 80. Induction of Currents. 

(6) Required. — A bar magnet, and a coil of many 
turns of wire (into which the magnet may be 
passed), joined up with a galvanometer O (Fig. 
30). 

Experiment— The momentary induced current is in 
one direction when the magnet is brought up 
to the coil, and in the other direction when it 
is taken away. The approach of the N. pole 
of the magnet induces a current in the opposite 
direction to the current induced by the approach 
of the S. pole. Again, with either pole, the 
direction of the induced current depends upon 
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the end of the coil to which it is brought up. 
If the magnet be introduced right into the 
coil, a greatly increased effect is obtained. 

The coil may be moved instead of the magnet, 
the latter being stationary. Bringing the coil 
up to the magnet has the same eflfect as bring- 
ing the magnet to the coil, and so on. 





B rr K 

Fig. 31. Induction of Currents. 

(c) In Fig. 31 two distinct circuits are represented, 
one containing a battery B and a key K, and the 
other a sensitive galvanometer G. The portions 
a h and c d of the circuits are for some 2 or 3 
feet close together and parallel with each other, 
but not in metallic contact. If the key be de- 
pressed, the current in a 6 induces a momentary 
reverse current in c d. But when the current 
in a 6 is stopped, a momentary direct current is 
induced in c d. Keeping the circuit closed, the 
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same effect will be obtained if the wire a 6 is 
taken away from or brought up to c d ; the cur- 
rents induced being respectively direct and re- 
verse. By the term direct current, as here used, 
is meant an induced current flowing in the 
same direction as the inducing current ; while a 
reverse current is one flowing in the opposite 
direction to the inducing current. 
(d) As in Exp. 6., a greater effect was obtained by 
coiling the circuit up ; so in the last experiment, 




Fig. 32. Induction of Currents. 

if the portions a b and cd of the two circuits 
are coiled up, as shown in Fig. 32, the induced 
currents will be much stronger. The starting of 
a current in coil A, or the approach of coil A 
(while carrying a current) will induce a reverse 
current in B. The interruption of the current 
in coil A J or the recession of A (while carrying 
a current) from S, will induce a direct current 
inB. 
(e) As might be expected, the effects obtained in 
Exp. d are much increased if the coils are 
slipped one within the other, as shown in Fig. 
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33, and still more so if they are provided with 
a soft iron core common to both. 

(f) While the coils are one within the other, and the 
key is kept down, no movement of the galva- 
nometer will be detected. If now the iron core 
be first introduced into and then withdrawn 
from the coil, momentary reverse and direct 
currents will be indicated. 

Bearing in mind that the strength of the induced 

IRON CORE 





Fig. 88. Induction of Carrents. 



current depends upon the number of the inducing lines 
of force, and the number of turns of wire cut by the 
lines ; the increased effects obtained by : — (i.) coiling 
the wire up ; (ii.) using a current-carrying coil instead 
of a bar magnet; (iii.) placing one coil within the 
other ; and (iv.) intixxiucing the iron core, are easily 
explained. 

62. Laws of ELECTBO-MAaNBTiG Induction. 

(a) Fabaday 8 Law. Let any conducting circuit be 
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placed in a magnetic field : then if by a change in 
position or a change in the strength of the fields the 
numier of lines passing through^ or interlinked 
with the circuit is altered; an E,M.F, will be in- 
duced in the circuity proportional to the rate at 
which the number of lines is altered. 

(6) General Laws. 

(i.) A decrease in the number of lines of force which 
pass through a circuit induces a current round 
the circuit in the positive direction^ {i.e., induces a 
" direct " current): while an increase in the number 
of lines of force which pass through the circuit in- 
duces a current in the negative direction, {i.e., 
induces a " reverse '' current). 

(ii.) The toted induced electromotive force acting round 
a closed circuit, is proportional to the rate of in- 
crease or decrease in the number of lines of force 
which pass through the circuit. 

* 63. Left-hand Rule for finding the Direction 

OF the E.M.F. INDUOED IN A CONDUCTOR WHICH IS MOVED 

ACROSS A Magnetic Field (Fig. 34.). — (Maycock.) 

Place the left hand across the conductor with the palm 
facing the conductor, and the thumb, forefinger, and 
other fingers stretched out at right angles, as shown in 
the figure ; the forefinger must point in the positive direc- 
tion along the field, and the other fingers in the direction 
of motion : then the thumb will denote the direction of the 
induced current. 
64. Comments on preceding Experiments. 
It is more correct to speak of induction of E.M.F, 
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than of induction of current, for a current can only 
flow when the secondary circuit, i.e., the circuit in 
which the E.M.F. is induced, is closed. The term in- 
duction of current is very commonly used, however. 
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Fig. 84. Left-hand Rule for finding the direction of the E.M.F. in- 
duced in a Conductor which is moved across a Magnetic Field. 



The student should apply the left-hand rule to show 
that : — 
(a) The current is from 6 to a (Fig. 29) when the 
wire is moved down, or when (the wire being 
fixed) the pole is moved up. 
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(6) The current is from a to b (Fig. 29) when the 
wire is moved up, or when (the wire being 
fixed) the pole is moved down. 

(c) The results mentioned in (a) and (6) are reversed 
by using the S. pole of the magnet. 

The left-hand rule may also be applied to predict the 
direction of the induced currents in the experiments 
illustrated in Figs. 30, 31, 32 and 33. In Fig. 30, 
think of the tuft of lines proceeding from the N. pole 
of the magnet, and the direction in which they cut the 
first turn of the coil. In Fig. 31, imagine an end view 
of the wires a b and c d ; figure to yourself the circular 
lines spreading out from a b and collapsing again,' 
when the primary or inducing circuit is respectively 
made and broken, and think of the direction in which 
they cut the wire cd. In Fig. 32, the lines-of-force due 
to coil A are practically the same shape as if A were a 
bar magnet ; and having found the polarity of one end 
of A by one of the rules given in § 69, A may be looked 
upon as a bar magnet, and the direction of the currents 
induced in B predicted as in the case of the experiment 
illustrated in Fig. 30. When the coils are one within 
the other (Fig. 33), one may think of the lines spread- 
ing out from and collapsing into coil A when the 
circuit is respectively made and broken, and the direc- 
tion in which these lines cut the outer coil B. In 
experiment (/), when the iron core is inserted, many 
additional lines spread out from the inner coil and cut 
the outer coil. When the core is withdrawn, these 
lines collapse, and again cut the outer coil. 
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An easier but perhaps less complete way of pre- 
dicting the direction of induced currents, follows on the 
law given in the next paragraph. 

66. Lenz's Law. In all cases of electro-magnetic in- 
duction, the direction of the induced currents is such as to 
tend to stop the motion producing them, 

66. Further Comments on Experiments in § 61. We may 
apply Lenz's law to predict the direction of induced currents 
in certain cases, bearing in mind that to induce or set up an 
E.M.F. and a consequent current in an otherwise inert con- 
ductor, work has to be done. . 

In exp. (a), § 61 (Fig. 29), the direction of the induced current 
is such that the conductor a b tends to move across the field ' 
in the reverse direction to that in which it is being moved, and 
it is in overcoming this tendency that work is done, the wire 
actually requiring more effort to move it up or down across the 
field, than if the field did not exist, though in this case the effort 
is inappreciable. 

In exp. (6), § 61, the direction of the induced current is such 
as to create a momentary N. pole at the end of the coil nearest 
the magnet, on bringing the magnet up to the coil (or the coil 
up to the magnet) : and a momentary"- S. pole on separating the 
coil and the magnet. In other words, on bringing the magnet 
up to the coil, and taking it away, work is done in bringing 
up the N. pole against the repulsion of the induced N. pole ; 
and in drawing it away against the attraction of the induced 
S. pole. 

In exp. (c), § 61 [N.B. The reader slumld first go through §§67 {large 
print) and 68J, the circuits being 8ta|:ionary, when K is depressed, the hnea 
of force due to current in ah cut cd, and induce a momentary reverse car- 
rent therein. The lines due to this current in c d cat a b, and cause a direct 
E.M.F. to be set ap in ah, so that the battery current is momentarily 
assisted. The setf-induction (§67) of ab retards the current in ab, so 
that it does not rise all at once to its fall value : muttuil induction (§ 68) 

^ A current>carryiDf7 conductor tends to move of its own accord across any 
maguetic flold in which it in placed (Oliap. XLIL). 
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between a h and c d assists the setting up of the current in a h. In other 
words: the effects of self-induction in the primary circuit are^ as a rale, 
lessened by the presence of a dosed and otherwise inert secondary circuit, 
the momentary expenditure of energy thus saved from overcoming self- 
induction, being absorbed in setting up the indaced secondary current. 

On breaking the primary circuit at £, a momentary direct current is 
induced in cd, and this current tends to create an opposing E.M.F. in ab, 
which assists in bringing the current in a b to zero. Self-induction prolongs 
the current to ab, while mutaal indaction between ab and c d tends to assist 
the stoppage of current in a b on breaking circuit. In other words, when 
the primary circuit is alone concerned, the energy of the collapsing field 
goes to the production of an extra currerU (§ 67). When a secondary cir- 
cuit is present, most of thiB energy is expended in setting up a momentary 
current in that circuit, and the extra current effect in the primary circuit is 
lessened. 

This is the action of a copper tube when placed over a solenoid or electro- 
magnet, or between the core and the coil of an electromagnet : it redaces 
the self-induction of the magnet and the extra current sparking at the key or 
other contact breaker in the circuit of the coils and battery, by having induced 
currents circulated in itself, these induced currents causing a momentary ab- 
sorption of energy on the make and break of the primary circuit. 

From what we have said, it should be clear how the energy necessary for 
the setting up the induced currents in the secondary circuit is derived from 
the primary circuit. It should be remembered that in the case of a direct 
current, such as that under consideration, the effects of self and mutual in- 
duction are only momentary, and occur on the making or breaking of the 
circuit. A very short time after making circuit, the current in that circuit 
will depend simply on Ohm's law. 

When the circuits are moved relatively to each other, the 
explanation is as follows : when the key is kept down, and a b 
is brought up to cd, work is done against the repulsion set up 
between the primary current in a & and the secondary induced 
current in c d (§ 69) ; when a 6 is withdrawn, work is done 
against the attraction hetween the inducing and induced cur- 
rents: this work representing the energy necessary for the 
setting up of the currents in the secondary circuit c d. 

In exp. (d)f § 61, we may again look on coil A &s a, bar 
magnet, having, say, a S. pole at its left-hand end. Then, 
according to Lenz's law, the momentary induced currents in 
coil B will be such as to create a S. pole at its end nearest A 
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when the current in A is started, or when A is approached : and 
a N. pole at that same end when the current in A is stopped, or 
when the distance between A and B is increased. 

In exp. (e), § 61, we may apply the same arguments as with 
exp. (c), the wires being merely coiled up instead of straight. 

Li exp. (/), § 61, we may think of the adjacent ends or poles 
of the inner and outer coils. Inserting the iron core strengthens 
both poles of the inner coil, and the momentary current in the 
outer coil will be such as to give like poles at the corresponding 
ends. Withdrawing the iron core weakens both poles of the 
inner coil, and the current in the outer coil will then be in 
such a direction as to give unlike poles at its corresponding 
ends. 

67. Inductance, ob Self-Induction. Inductance, or 
self-induction, may be defined as the cutting of a con- 
ductor by lines of force produced by its own current 
Wlien a current begins to flow along a circuit, it sets 
up a magnetic field around tlie conductor. This mag- 
netic field, in being set up, reacts upon or cuts the 
conductor, and induces a momentary reverse E.M.F. 
in it. When the current flowing along a conductor 
is stopped, the magnetic field collapses, and in collap- 
sing cuts the conductor, and in consequence another 
momentary E.M.F. is induced in the conductor, which 
is " direct," i.e., in the same direction as the inducing 
current. 

The efiect of inductance is to momentarily oppose 
the setting up of a current in a circuit by reason of the 
opposing " reverse" E.M.F. ; and to momentarily retard 
its " breaking " or cessation, because of the momentary 
" direct " E.M.R 
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Inductance is not very noticeable in straight con- 
ductors, as the conductor cannot be so effectively cut 
by the lines as when it is coiled up. Also because the 
lines of force set up in a circuit are more crowded if 
the circuit is coiled up, and are increased in number 
if the coils have iron cores ; inductance is always 
greatest in circuits containing electro-magnets, etc. 

The sparks observed at the contact points in an 
electric bell, or when a circuit containing a magnet is 
broken, are principally due to the collapsing of the 
lines of force of the magnet, which, cutting the coils 
of wire, give rise to a momentary direct E.M.F., that 
sets up an extra current (§ 100). 

The effects of inductance are noticeable in a circuit 
not only when a current is set up or stopped, but also 
when the current is increased, or diminished, or re- 
versed ; such increase, or diminution, or reversal, alter- 
ing the number of lines of force passing through or 
interlinked with the circuit, and their direction, and 
therefore giving rise to momentary induced E.M.Fs. 
The unit of inductance is now called the henry, and has 
been called the secohm or quadrant 

Inductance is usually denoted by the letter L. If a coil has 
N turns, and a current C produces a flux F, 

T.=NF 

L is evidently the measure of the number of lines of force cut 
by the N turns when unit current is suddenly turned on or 
off, for if C= 1 then L = N F. 

We have to consider the number of lines cut by the whole 
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circuit, I.e. N F, thus if a coil has -200 turns, and 2000 lines are 
set up, the total number of lines cut will be 200 x 2000=400,000. 

To express L in henries we must divide the number of lines 
cut (N F) by 100 millions, for the cutting of one line (per sec.) 
represents the setting up of 1 C. G. S. unit of E. M. F., and the 
volt (or practical unit) being 100 million times the C. G.S. unit, 
must necessitate the cutting of 100 million lines (per sec). 

Thus :— 

L (henries) »= ^^ 

^ ^ C X 100 millions. 

A henry may therefore be defined as the inductance in a. cir- 
cuit such that the sudden starting or stopping of 1 ampere of 
current causes 100 million lines to be cut by the circuit. 

In a coreless coil L varies with the square of the number of 
turns in the coil, since each turn not only adds to the value of 
F, but also to N. 

When a direct current is turned on through the coils 
of a magnet, the pull of the magnet gradually increases 
as the back E.M.F. of inductance dies away : when the 
current is steady, the pull is steady : when the current 
is stopped, the pull momentarily increases, owing to 
the momentarily induced direct E.M.P. 

68. Mutual Induction takes place when neighbour- 
ing current-carrying circuits act inductively upon one 
another, and may be defined as the cutting of a circuit 
by lines of force produced by a current flowing in another 
circuit^ 

* 69. Attraction and Repulsion op Cubbbnts. 
Currents in neighbouring portions of the same or 
different circuits will attract each other if they flow 
in the same direction, and repel each other if they flow 
in opposite directions. Thus, in Fig. 35a the two 
* Concerning inductance and mutual induction, see also Vol. II. 
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portions A B and CD will attract each other, while in 
Fig. 36a they will repel each other. If the wires cross 
each other, the attraction and repulsion between the 
various parts will tend to make them eventually close 
up like a pair of scissors : thus in Fig. 35b, the wires 
A B and CD will tend to shut up so that the ends A C 
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Figs. 86a & B. Attraction and Bepnlsion of Ourreuta. 

and BD approach each other; while in Fig. 36b, AD 
and CB will approach. Referring to Fig. 35b, con- 
sider each wire as divided into halves at the point 
wheve they cross, and call this point X : then when we 
consider the statement made at the beginning of this 
paragraph and the directions of the current, it must 
be clear that attraction is set up between A X and C T, 
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and also between B X and D X ; white repiUsion takea 
place between A X and D X, and between B X and C X. 
The same argument may be applied to Fig, 36b. 

The reason for the actions just explained will be 
understood from the following magnetic figures given 
by two neighbouring vertical current-carrying con- 
ductors (Figs. 37 and 38), the currents being in the 
same direction (either up or down) in the first case, 
and in opposite directions in the second case. 




ATTH ACTION REPULSION 

Fig. 87. Attraction of Carrents. Fig. 38. Bepnlaion of Currents. 

It is a property of lines of magnetic force running 
approximately in the same direction to tend to lie as 
far as possible side by side, and so follow the same 
circuit. Hence the merging of the two fields in 
Fig. 37, The lines-of-force then tend to shorten them- 
selves, and in so doing draw the conductors together. 
In Fig. 38 the currents, and therefore the fields due to 
the two wires, are in opposite directions ; the two .fields 
are consequently distorted, and in endeavouring to 
place themselves symmetrically with regard to their 
respective conductors, the latter are forced apart. 
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These actions may otherwise be explained as follows, 
considering in each case the space between the con- 
ductors. When adjacent fields run in opposite direc- 
tions (Fig. 37), the lines of each will alter their shape 
so as to run as far as possible side by side, and in the 
same direction. When^ent fields run In the same 
direction (Fig. 38) the lines will mutually repel one 
another. It follows from this that there is repulsion 
between the lines of any field. 

The reader should refer to Fig. 12 as regards the 
direction of the field round a current-carrying con- 
ductor. 

This property of attraction and repulsion of currents, 
due to the interaction of their fields, is similar to that 
which takes place when a current-carrying conductor 
is placed in the field of a magnet, under which cir- 
cumstances the conductor will experience a magnetic 
drag, and will tend to travel across the field. (Chap. 
XIII.) 

CHAPTER IV.— QUESTIONS. 
In answering these questions^ give sketches wherever possible, 

•1. Whenever a current flows through a conductor, a mag- 
netic field is set up round the conductor. Conversely, when an 
independent magnetic field is hrought up to a conductor, a 
momentary E.M.F. is set up in that conductor. Explain these 
effects. 

♦2. In how many ways could you induce a current in a con- 
ductor? Which is the best of the methods you describe, and 
why? 

3. Give Faraday's law of electro-magnetic induction. 

B 
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4. What is Lenz's law, and how could you use it to predict 
the direction of the induced currents in experiments (a), (b), and 
(d),§61? 

6. Referring to experiments (c) and (^), § 61, show clearly that 
the effects obtained therein are in accordance with the general 
law (i.) of electro-magnetic induction (§ 62). 

•6. What is the rule for finding the direction of the induced 
current when a conductor is moved across a magnetic field ? 

♦7. Show by sketches, and the application of the left-hand 
rule (§ 63), that the current induced in a conductor when moved 
doum in front of a N. pole, is in the same direction as the current 
induced when the conductor is moved up in front of a S. pole. 
N.B. Thd observer is supposed to face the pole in each case. 

8. What do you know of inductance ? 

9. Why is the inductance in any given length of wire greater 
when the wire is coiled up than when it is straight ? 

10. Could you coil a length of wire up in such a manner that 
it should have no inductance ? If so, how? 

11. What is the unit of self-induction or inductance, and how 
is it estimated ? 

12. Distinguish between self-induction and mutual induction. 

13. Why does an electro-magnet spark on breaking the excit- 
ing circuit ? [Ord. 1895.] 

•14. Explain clearly in what way two neighbouring current- 
carrying wires tend to act upon one another, and why there is 
in some cases attraction, and in others repulsion. 

•15. Give a theory for the " magnetic drag " subsisting be- 
tween two neighbouring current-carrying conductors. 

16. How are the pull and self-induction of an electro-magnet 
connected? [Ord. 1895.] 

17. How does the slipping of a copper tube over the core 
lessen the spark of an induction coil ? [Ord. 1895.] 

18. When a metal tube is used in the manner described in 
the preceding question, its temperature rises. Why is this? 
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CHAPTER V. 

2%« figures refer to the numbered paragraphs, 

Introdnction, 70. The LeclanchS and similar Cells, 71. Dry Cells, 
72. Charging and Working of Cells, 73. Connecting-up, 
E M.F., and Besistance of Cells. 74. Ordinary Electric Bell, 75. 
The Single-stroke Bell, 76. Different forms of Bells, 77. Pushes 
and other Contact Makers, 78. May cock's Bale for Electric 
Bell Wiring, 79. Simple Electric Bell Circuit, 80. Indicators, 
81. Belay, 82. Continuous Binging Bell, 83. Magneto 
Generator and Bell, 84. Circuit Diagrams, 85. Winding and 
Connection of Electro-magnet Coils, 86. Questitmsy page 188. 

* 70. Introduction. This chapter will treat of elec- 
tric bells, indicators, and contact-makers ; the principal 
methods of joining them up in circuit, and the batteries 
employed. The subject of electric bell fitting is a far- 
reaching one, but it wiU be possible in this single 
chapter to explain and illustrate the general principles 
which underlie such work, commencing with a descrip- 
tion of the types of cell in most common use.^ 

* 71. The LECLANCHi: and similar Cells. This is the 
cell most extensively used in electric bell work as yet. 

* The Author is indebted to the General Electric Co. for Figs. 40, 
42, 45, 46, 47, 48, 49, 50, 51, 54, 55, 57, 59, and 65 : to Messrs. Sax 
& Co. for Figs. 39, 52, and 58 : and to Le Car bone, the Birming- 
ham Telegraph Factory, and the Electrical Co., for Figs. 41, 66, 
and 63 respectively. 
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In it3 ordinary form it consista of an outer glasa vessel 
ooiitainiDg a solution of sal ammoniac (ammonium 
chloride), and a zinc rod. In the centre of the outer 
vessel stands a porous pot of unglazed porcelain, con- 
taining a carbon plate tightly packed round with small 
lumps of Clashed carbon and black oxide of manganese, 



Fig. 89. Ordinary Leclancb^ CaU. 

(otherwise called peroxide of manganese or manganese 
dioxide,) in equal proportions. 

The carbon plate sometimes has a lead cap cast on to 
it, in which is imbedded a piece of screwed brass wire 
carrying a brass nut : this forms the positive pole of the 
cell. In the best cells, the cap supporting the terminal 
on the carbon ia made of carbon also, instead of lead, 
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and the injurious formation of white lead which often 
takes place with lead-capped carbons is thereby stopped. 
The zinc rod has a piece of covered copper wire soldered 
to its top end, the naked end of the wire forming the 



Fig. 40. AgglomeraM Leclanch^ Cell. 

negative pole. Fig. 39 illustrates the above-described 
form of cell. 

The Leclancbe cell is eminently suitable for ordinary 
electric bell work, where current is only required for a 
very short time, at long intervals. There are several 
modifications of the form just described, among which 
may be mentioned the agglomerate-block, and the 
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Lacombe cell. In the first of these the porous pot 
is sometimes dispensed with, and in both the in- 
ternal resistance of the cell is very much lessened. 
In the agglomerate-block LedancM cell (Fig. 40), the 
carbon and manganese mixture is crushed fine, mixed 
with some cementing composition, and formed under 
great pressure into blocks, which are afterwards 
held against the sides of the carbon plate by india- 
rubber bands. These bands also sometimes carry 
rings in which the zinc rod is held, for it is necessary 
that the latter should not touch either the carbon 
plate or the agglomerate blocks. As, however, impuri- 
ties detached from the agglomerate blocks sometimes 
settle on these india-rubber bands and set up local 
action, it is better to place the zinc rod in a small 
porous pot (Fig. 40), which may be perforated with 
holes so as to offer as little resistance as possible. 

The Lacombe-Leclanch^ or " Carporous " cell, a section 
of which is shown in Fig. 41, consists of a perforated 
cylinder of carbon A, mounted on a glass base C, which 
also carries the inner perforated cylinder of porous 
porcelain B, the space between these being filled up 
with small lumps of carbon and peroxide of manganese 
M. The zinc rod Z stands in the inner porcelain 
cylinder, the latter carrying an insulating cap N to 
prevent the zinc rod by any chance from touching the 
carbon top of the carbon cylinder. In the latter is 
held a piece of tapped brass wire carrying a washer W 
and nut N'. 

The LeclancJU'Barbier cell is very similar in out- 
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ward appearance to the Lacotnbe-Leclanoh^ cell. It is 
nob the same, however. The zinc rod is hung by a 
wooden cap in the centre of a cylinder of compressed 
carbon and manganese dioxide, which in its tnm is 
supported from the neck of the enter glass vessel, so 
that it does not touch the bottom. The cylinder is 
open at the bottom and the solution of sal ammoniac 



Fig. 4. Lacombe-LeolanohS CeU. 

has free access to the space between the zinc and the 
agglomerate cylinder. The Leclanche-Barbier cell is 
also made in the form of a dry cell, 

* 72. Day Cells. Though these are known under 
many different names, such as the E.C.C., the Obach, 
the E.S., the Hellesen, etc., according to the makers, 
they are all practically the same, In a containing 
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vessel, generally of cardboard, is placed a zinc cylinder 
with wire attached, and in the middle of this stands 
a carbon plate or rod, the space between being filled 
with a jelly-like composition. Sometimes the zinc 
itself forms the outer cell, but in such case the insula- 
tion of the battery is not so good. According to one 
formula, the zinc is coated to the thickness of \ inch 
with a paste of plaster-of-paris, sal ammoniac, and 
water in the proportion of 26, 10, and 56 parts by 
weight respectively. The carbon is then put in, care 
being taken that it does not touch the zinc, and the 
remaining space filled with the following mixture : — 

Parts by weight. 

Powdered carbon ...... 75 

Coarsely powdered peroxide of manganese . 10 

Zinc sulphate 5 

Sal ammoniac 15 

Glycerine 2 

Water sufficient to make a stiff paste. 

The cell is afterwards sealed up with melted pitch, 
vent holes being provided by inserting two pieces of 
thick wire, and removing them when the pitch is 
cold. The compositions used in the difierent makes 
of cell are kept secret, but the above will give fairly 
good results. It will thus be seen that these so-called 
dry cells are really a modification of the Leclanch6 
cell, with the addition of zinc sulphate. The plaster- 
of-paris and glycerine serve to make up the paste, but 
do not play any part in the chemical action of the 
cell. These cells may be used for all purposes where 
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the current is only wanted occasionally, and they 
possess great advantages over the ordinary Leclanche 
cell, in that there is no Hc|nid to spill or leak away, 
and they may be placed in any convenient position, 
npright or on their sides. 

Fig. 42 shows a battery box fitted with terminals, 
and containing 3 E.C.C. cells. Snch boxes ought to he 



Fig. 42. "E.C.C." Dry Batterj, 

used with all batteries, but air-holes should be provided. 
• 73. Ghabging and Wohkino of Cells. Any form 
of " dry cell " ia of course all ready for work. In 
charging either of the four forms of Leclanche cell 
described above, first drop in the sal ammoniac 
crystals, the quantity depending on the size of the 
cell; for the larger size about 6 oz., for the medium 
size about 3 oz., and for the smallest size about 2 oz. 
Then fill the glass cell three-quarters full with water. 



106 ELEOrmO L10BT1N&, ETO. [chap. v. 

taking care not to wet the edges or terminals. When 
this has been done, the agglomerate, Lacombe, and 
Leclanch^-Barbier cells will be ready for work, but 
the ordinary form (Fig. 39) requires time for the liquid 
to soak through the porous pot. 

When inspecting cells already at work, their con- 
dition and requirements will be indicated as follows : 
(a) If any of the zincs are eaten away, renew them. 
(6) If there is a deposit of crystals on the zincs, it must 
be scraped off. (c) If the zincs are black in colour, it 
denotes that the battery is being overworked, and that 
probably there is a leakage or short circuit somewhere, 
which should at once be seen to. (d) If the solution 
is low, add fresh water, and also more sal ammoniac 
if there is none at the bottom of the jar. (e) If the 
solution is cloudy, more sal ammoniac is required. 
(f) If "creeping" has set up over the edge of the 
outer jars, the latter must be removed, washed, well 
dried, and the edges carefully greased round, with 
vaseline, for instance, (g) If white lead has formed to 
any great extent around the lead cap on the carbon, 
a new carbon should be inserted, which is best done in 
the case of the ordinary form of cell by putting in a 
new porous pot and carbon complete. 

* 74. CONNECTING-UP, E.M.F., AND RESISTANCE OF 

Cells. Cells are generally connected up " in series " 
to form a battery, i.e., the zinc of the first cell is con- 
nected with the carbon of the second cell, and the zinc 
of the second cell to the carbon of the third cell, and so 
on to the end (Fig. 42). In diagrams, one cell, of 
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whatever make, is denoted by the left-hand symbol in 
Fig. 43, the short thick line representing the zinc, and 
the long thin line the carbon, or whatever forms the + 
pole. Fig. 43 also shows three cells joined np "in 
series." 

The E.M.F. of all cells of the Leclanch^ type, no 
matter what size they may be, is about 1'4 volts per 
cell; so that* the E.M.F. of a battery is got by multi- 
plying 1*4 by the number of cells in series. Thus the 
E.M.F. of a 6-cell battery will be 84 volts. 

The internal resistance of the cells is a very variable 
quantity, depending on the size, construction, and state 

— iH"-*NHI--' 

Fig. 48. Symbols for GeU and Battery. 

of the constituents of the cell. The larger a cell, the less 
its resistance. The internal resistance of the ordinary 
size porous pot Leclanche, under average conditions, is 
about one ohm : that of the ordinary size agglomerate 
Leclanche being about '6 ohm. The resistance of 
the Lacombe cell is probably less than '6 ohm. The 
resistance of dry ceUs, which are made in many differ- 
ent sizes, varies from '3 to 7 or 8 ohms. 

* 76. Okdinaky Elkoteic Bell. Fig. 44 illustrates 
the ordinary trembling or vibrating electric bell. -Pis 
the cast-iron frame to which the working parts of the 
bell are fixed. / C are two soft iron cores screwed into 
this frame, and carrying bobbins of wire B B. A is the 



108 ELECTRIC LIQHTINQ, ETC. [chap. v. 

soft iron Eirinature scpporting the stem and hammer H. 
A is held to f by the steel spring S, the lower ex- 
tremity of which should be tipped with platinum P. 
GS is a contact screw and stad fixed to, but insulated 
from, the foot of the iron frame. GS is connected by a 
wire underneath, with the right-hand terminal T' of the 
bell. When the magnet cores / G are not magnetised 
by the passage of the current through the coils, the 



Pig. 44, Electric BelL 

tip of the spring P bears against the end of the contact 
screw GS, which should also be tipped with platinum. 
The reason for this is, that when the bell is working, 
and each time the spring is drawn away from GS, a 
small spark occurs, which tends to oxidise and tear 
away the contact points. Platinum being a very 
inoxidisable and infusible metal, always presents a clean 
surface of contact. 
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The working of the bell is as follows. The current 
entering, say at the terminal T, traverses the magnet 
coils, and thence passes to the framework at S : from 
there it passes down the spring to P and 08, and so to 
the terminal T\ As soon as this occurs the iron cores 
/ C become magnetised, attract A, and H strikes the 
bell. In consequence of the attraction of A the circuit 
is broken at P, the current is stopped, the magnet 
demagnetised, and the force of the spring S brings its 
tip once more against 08, when the circuit is again 
completed, the armature attracted, and the bell struck. 
Thus the bell hammer H vibrates rapidly to and fro as 
long as current is passed through the bell. 

It makes no difference in the working of any 
ordinary form of electric bell which way the current 
flows through it. 

 76. The Singlk-strokk Bell. If the terminal T 
(Fig. 44) is connected with the framework, as indicated 
by the dotted line D, instead of with the contact stud 
08, the bell becomes a single-stroke bell, i.e., one tap 
only of the hammer is given every time the push or 
other contact-maker completes the circuit. 08 then 
acts merely as a stop to prevent the armature flying 
back too far. 

The adjustment of the armature and hammer in a 
single-stroke bell differs from that in a trembling bell. 
In the latter, the hammer should strike the gong with- 
out the armature touching the magnet poles. In the 
former, the armature should touch the magnet poles 
first, so that the hammer springs forward by its own 



110 ELEOTBW LIGHTING. ETC. [chap. *. 

momentum, strikes the bell, end then springs back, 
even though the armatw*e be still held close np to the 
poles. A clear stroke of the bell is the result. 

• 77. DiFPEEENT POBHS OP Bells. Electric bells are 
made in many different forms ; in some, the bell itself 
is made to contain or to act as a cover for the works ; 
in others, called vertical bells, the hammer stem stands 
upright, and the bell itself is fixed on the top of the 
wooden case. Again, there are different methods of 
connecting up the coils and contact screw with the 



Fig. 45. Push. Fig. 46. PoBh Spring*. 

terminals, and of mounting the armature. Sometimes 
the contact screw is dispensed with, its place being 
taken by a spring. Some bells have attachments for 
making the vibrations of the bell hammer slow, as the 
rapid vibrations of the ordinary bell are sometimes 
rather irritating. However a bell may be constructed, 
the principle will be understood from what has already 
been said. 

The oontintioas-ringing bell is explained in § 83. 

* 78. Pushes and other Contact Maeebs. The 
most common form of contact maker is the push, 



8 78] OONTAOT MAKERS. Ill 

which is too well koown to need mach description. 
Fig. 4B shows a push with a view of the springs 
inside. The latter are shown separately in Fig. 46. 
The parts where these springs come into contact 
should be tipped with platinum as shown, for reasons 
already given in the description of the electric bell. 
All dotting or " end " contacts (which are used in most 
electric beU apparatus), as distinguished from " rubbing 
oontacbs " where the two contact surfaces rub over one 



Fig. 47. PalL 

another and so keep clean and bright (as in switches), 
require to be platinum tipped. On the score of expense, 
silver is often substituted for platinum, bat it is not 
qnite so efficient 

Pig. 47 illustrates a puU. Two flat metal springs 
mounted on an insulating block of ebonite or paraffined 
hardwood, are connected with the ends of the circuit. 
"When the handle is pulled out, a brass ring at the end 
of the handle bar is drawn between the ends of the 
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sprmgs, and bo completes the circnit. A sjaral spring 
on the handle bar forces the latter back to its normal 
position when released by the hand. In this device 
we have a vei^ good rubbing or sliding contact, and 
there is no necessity for the nse of platinum. 



Fig. 48. Doable-contact fnsh. 

In some circuits, for instance in that given in 
Fig. 67, it is neoessaxy for the posh to have two 
contacts, a top and a bottom; thns three wires are 
connected ta the pnsh : calling these a, h, and e, sup- 



Fig. 49. Switeb. 

posing a ia connected with the middle or movable 
spring, 6 with the top contact, and c with the bottom 
contact ; in the ordinary position of the push a is con- 
nected with 6, but when the pnsh knob is depressed a 
is disconnected from h, and connected with c. Sacb a 
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push, which is called a morse, two-way, or doiMe-contact 
push, is shown in Fig. 48. 

Fig. 49 shows a simple or one-way switch used for 
opeuiQg or closing & circuit for any length of time. 
In the position illustrated, the switch is " off," If 
another contact and terminal were placed to the left- 
hand side of the contact lever, the switch would be- 
come a two-way one. The nse of switches 
wlU be explained later on, in dealing with 
electric circnits. (Figs. 69 and 71.) 

One of many forms of burglar contact 
or alarm is shown in Fig. 50. It con- 
sists of a brass plate, to the back of which 
is secnred a ateel contact spring, and 
a small contact plate insulated on an 
ebonite block. One end of the circuit 
is connected with the insulated contact 
plate, and the other with the spring. A 
hole in the brass plate allows a marble 

to project partly through it, the marble 

r J *™ / , T",,. . ,  Fig.50. BurgUr 

being prevented from falling out oi posi- contact- 
tion by the spring behind it. This device 
is adapted for doors and windows, it being let in Hush 
with the window frame or door jamb. In the former 
case, when the window sash is lowered, the marble is 
pushed in and the contact spring forced away from the 
contact plate ; when the window is opened, the marble 
is allowed to projecb and the circuit is closed. In this, 
and in the door-trigger about to be described, platinum 
contacts are obviously necessary. 
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Fig. Bl shows a two-way door-trigger, which closes 
the circuit and rings a bell when the door is either 
opened or shut. Its construction is clearly shown. 
There are two steel contact springs; the bottom one 
carries an ebonite knob, against which the top of the 
door presses as it opens or shuts, the trigger being 
screwed to the top of the door frame. The top spring 
is mounted on an insulating ebonite block. When the 
knob on the bottom spring is forced upwards, the two 
springs come together, and the circuit is completed. 

Of heat or fire alarms there are many varieties. 




Fig. 51. Door Trigger. 

Some are constructed on the principle of the thermo- 
meter, the mercury (which is connected with one wire), 
as it rises, making contact with a wire let into the top 
of the tube. Others, again, have a compound metal 
spring, which warps on the application of heat, owing 
to the unequal expansion of the two metals, and so 
makes contact with a stud (Fig. 71). The most sensi- 
tive are undoubtedly those which are actuated by the 
expansion of air in an air-tight chamber. One acting 
on this principle, made by Messrs. Sax & Co., is 
shown in section in Fig. 52. ^ is a box made of sheet 
iron, to the front of which is fixed an air-tight copper 
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chamber B, the upper side D of which is corrugated 
and carries a contact G. Mounted inside, but insulated 
from the iron box, is a spring carrying a contact screw 
E; the end of the spring rests on a little insulating 
block, and under normal conditions, the point of E and 
the contact surface C are just clear of each other. The 
air-chamber B is hermetically sealed, and air having 
been partially withdrawn, the diaphragm D sinks 
slightly inwards. As the temperature rises, C is 
gradually forced outwards until it touches E, when 
the bell rings. The same thing will happen if the 




Fig. 52. Fire Alarm. 

chamber becomes damaged, as air will rush in, and 
force the diaphragm against the contact screw. A 
continual check is thus kept on the proper working 
of these alarms. The iron box A is not air-tight, but 
serves as a support and protection for the diaphragm 
and contacts, and for convenience of fixing. 

There are many other forms of circuit closer or con- 
tact than those described here ; for instance, pear 
pusheSf pressels, bedroom pulls, outdoor pushes, lever 
pulls; floor, curtain, and window blind contacts, and 
numerous other forms of burglar alarms and door- 
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triggers. They all act on the same principle, of bring- 
ing two contact surfaces together when actuated, and 
so closing the circuit; and can therefore easily be 
understood from what we have already said. 

* 79. Maycock's Rule fob Electric Bell Wiring. 
All the wires in any electric bell or signalling circuit, 
no matter how complicated, may be classified under 
three heads : — 

(a) + battery wires^ or wires leading direct to the + 
pole of the battery, 

(6) -- battery vnres^ or wires leading direct to the 
- pole of the battery. 

(c) Connecting toires, or wires passing between 
apparatus, (as from push to indicator, fire alarm to 
bell, etc., etc.,) and not connected directly with the 
battery. 

The importance of being able to distinguish between 
these at a glance will be understood by all who have 
had any experience with electric bell fitting, as thereby 
not only is the progress of the work, and subsequent 
repairs or additions to it greatly facilitated ; but the 
initial planning out of a " circuit diagram " of the 
work, of which every bell-fitter should be capable, 
is far easier to arrange, and much more certain to 
be correct. 

The only rule which fulfils these conditions is that 
devised some years ago by the Author, and is as 
follows : — 

In tviring^ all wires leading from the + pole of the 
battery (+ battery wires) to any jmsh, etc.^ should be of 
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a plain bright colour {preferably white, yellow, or red) : 
all wires leading direct to the — pole of the battery 
{ — battery wires), should be of a plain darJc colour 
{preferably black): and all wires running between ap- 
paratus {connecting vnres), should have a covering in 
which two or more colours are woven. 

In dratmng circuit diagrams, + battery wires should 
be shown in red pencil or red ink, or, if these are not 
available, by thin blaxik lines; — battery wires by black 
ink or thick black lines, and connecting wires by dotted 
lines. (See following circuit diagrams.) 

* 80. Simple Electeic Bell Circuit. Fig. 63 shows 
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Fig. 58. Simple Circuit Diagram. 



a circuit comprising a battery R, a bell B, and a push 
or other contact P. It serves to illustrate a simple 
application of the foregoing rule. 

* 81. Indicators. Most electric indicators may be 
classified under three heads : — 

(a) Mechanical replacement. 

(6) Self-replacement, or pendulum, or vibrating. 

(c) Electrical replacement. 

There are a great number of varieties of each class, 
but we must be content with referring to a single good 
example of each 
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Fig. 54 is a very mucli used form of mechanical 
replacemetd indicator, or indicator wliicli when de- 
flected by a current, has to be replaced by hand. The 
working parts are mounted on a frame stamped out of 
sheet brass. To the left is fixed a horseshoe electro- 
magnet with one coil (similar to Fig. 24), the two iron 
cores being screwed into the brass frame, with a yoke- 
piece of sheet iron interposed. Just above the poles of 
this magnet is a sheet iron armature fixed to one end 
of a horizontal pivoted lever. A second pivoted lever 



Fig. 54. Hechftnical replacement Indicator. 

carries Ulo flag or indicator, and in the position shown 
has jost been released. When replaced, this second 
lever engages with a catch seen at the right-hand end 
of the horizontal lever, and is thereby held up nntil 
a current passes through the magnet, when, tiie catch 
being lifted np, the lower lever is released and the flag 
lalls. For ship, train, or other work where there is 
vibration or jolting, the top lever is steadied by a spiral 
spring, as seen in the figure, this preventing the flag 
being shaken down, except when a current passes. For 
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ordinary work this spring is dispensed with, the light- 
hand end of the lever being heavier than the armature 
end. 

Fig. 55 illustrates a good form of pendulum or vQtrat' 
ing indicator. The magnet has only one coil and core, 
bat the frame being of sheet iron, the sospended 



Fig. fi5. Belf-replaoemeat Indicatoz. 

armature praotioally forma the other pole of the 
magnet, so that the magnetic circuit is fairly com- 
plete. When a current passes, the armature and 
indicator flag are drawn over to the left, and continue 
to swing backwards and forwards for some seconds 
after the current has stopped. 
Fig. 56 represents an eleetrieeU replacement indicator. 
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The movable portion carrying the flag is made of 
hardened steel, and is magnetized, thus forming a 
permanent magnet. This, and the two coils and iron 
cores, are mounted on a brass back plate. The coils 
and cores form separate bar electro-magnets, one of 
which (the right-hand one] we may call the deflecting 
magnet, and the other the replacing magnet. 



Fig. 56. Bleotridkl reiiUoamnui iudiaat<». 

Suppose the front pole of the permanent magnet 
armatnre (called a polarized armature) is K., and the 
back pole S-, the current from the distant push must 
flow round the right-hand magnet so as to make its 
front end N., and its rear end S. The poles of the 
fixed electro-magnet will then repel the poles of the 
magnetized armature, and the indicator flag will move 
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over to the right. To replace it, cnrrent ia sent from 
the replacing push in Buch a direction that the poles 
of the left-hand electro-magnet repel those of the 
polarized armatore, and the latter once more moves 
back to its normal position. This action will be better 
understood later on (Fig. 72). 

Indicator movements are mounted in a box, the 
front of which has as many windows or transparent 
openings as there are indicator movements. Tbns 
Figs. 57 and 68 show respectively 6 and 2 " number" 



Fig. 67. Five-no. Indicator. 

mechanical replacement indicators. The movements 
in Fig. 58 are of a difi'erent pattern to those shown in 
Fig. 54. The armature is pivoted at one end, and the 
other, falling by its own weight, forms a catch, and 
locks the flag-carrier in the position shown. When 
current passes, the armature is drawn up, and the flag 
falls in front of the fixed white disc, thus indicating 
from which room the signal has come. In both pat- 
terns (Figs. 57 and 58) any flag which has been re- 
leased is replaced by pushing in the knob at the right- 
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hand end of the indicator case, the internal anange- 
ment being clearly shown in Fig. 58. 



Two-no. Indicator. 



 82. Kelay. a relay may be defined as a sort of 
electric push : in other words, when a current Sows 



RELAY. 
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ronnd its coils, and its armatare ia attracted, two contact 
aarfaces are brought together and close another circoit. 
There are mauy different patterns of relay, a simple 
form, well adapted for bell work, being shown in Fig. 
59 ; a diagram of the same, monnt«d on n wooden base 
and showing the connections, being given in Fig. 60. 




Fig. 60. Diagram of Relay. 

The coils, urmatnre, back-stop, and contact stud are 
mounted on an iron frame very similar to that used 
in an ordinary bell (Fig. 44). The armature is more 
delicately mounted however, its spring being very 
thin, and perforated (as seen in Fig. 59) to still 
further reduce its stiffness. A fine helical spring S 
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and thumb-nuts enable the tension on the armature to 
be adjusted to a nicety. The stud and screw S S serve 
merely as a back-stop, while C S is a contact stud 
insulated from the base. The ends of the coils are 
connected with the terminals TT; while the top right- 
hand terminal T' is joined to the frame work, and is 
thus in connection with the armature contact spring ; 
the contact stud OS being joined to the bottom right- 
hand terminal T\ The armature being very lightly 
adjusted, a weak current flowing in and out by the 
terminals T T is sufficient to attract it, and the circuit 
connected with T'T' is thus completed. 

The uses of relays are very many ; but if we explain 
one, their adaption in other cases will be readily 
understood. In ordinary electric bell work relays are 
generaUy used with indicators. With any ordinary 
indicator, such as those shown in Figs. 66 and 72, the 
current has to go from the battery to the distant push, 
thence through the indicator coil and bell, and so back 
to the battery. There are two objections to this ar- 
rangement: firstly J in the case of a large building, 
such as a mansion or hotel, the resistance of the wire 
on the indicator coils and that on the bell coils, added to 
the great length of wire leading to and from the push, 
necessitates the employment of a comparatively large 
number of cells in order to get a sufficiently strong 
current through to ring the bell. Secondly, when it is 
remembered that in the ordinary arrangement the 
current passing through the bell is the same as that 
passing through the indicator, and that the '^ make " 
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and " break " of the former renders the current very 
unsteady, a larger number of cells has to be used than 
if a steady current vere passed through the indicator 
movements ; the working of the latter being a great 
deal more reliable with a steady than with an un- 
steady current. 

Fig. 61 illustrates the above remarks. P is the 
distant push, / the indicator movement coil, R the 
relay, G the relay contact, B the bell, and JS ' the 
battery. When P is pressed, a steady current flows 
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Fig. 61. Belay Circuit. 

from the battery through R and /, and so back to the 
battery. The indicator is actuated, and the relay 
contacts are brought together, thus permitting a 
separate strong current to flow from the same battery 
direct through the bell. Immediately the push is 
released, the relay contact is broken, and the bell stops 
ringing. Sometimes two separate batteries are used, one 
in the relay circuit, and the other in the bell circuit. 
If the relay is placed with its armature in a vertical 
position, as shown in Figs. 59 and 60, and not as in 
Figs. 61 and 73, there is less chance of dust, etc., getting 
between the contacts. 
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* 83. CoNnNuoDB BnuGiwG Bell. A continuous-ring- 
ing or eontimioua-aetion beU is one which, when set 
ringing, keeps on nntil stopped by pulling a cord at- 
tached to a movable lever, Sach a bell is shown in 
Fig. 62. The oonstmction is much the same as that 



Fig. 62. Continuona-rmgiDg Bell. 

of an ordinary bell, except that there is an extra con- 
tact stud CS' besides the ordinary one CS, a contact 
lever CL, and a third terminal J",. The armatnre is 
extra long, aUd has a slight projection at its lower end, 
on which the extremity of the contact lever rests when 
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in its normal position. When the armature is attracted, 
CL is released, and the force of the spiral spring at its 
right-hand end brings its left-hand end (wSch is 
tipped with platinum,) against the point of the lower 
contact screw CS'; when the bell will continue ringing 
until the cord C is palled, and the contact between GL 
and CS' broken. 

Such a bell is useful in a variety of cases, and we 
wiU explain how it is joined up in a simpk circuit. 
£ is a battery, and P the distant push, bnrglar alarm, 
fire alarm, or other contact maker. When contact is 
made at P, the current flows vid T^ through the coils 
and CS to jTg, through P, and back to the battery. 
Directly the armature is attracted, CL drops on to CS', 
and the current can then flow from I\ through the 
coils to C/S, thence vid CL, CS\ and T^ back to the 
— pole of the battery, and the bell will continue ring- 
ing until CL is replaced. 

 84. Magneto Gbnebatok and Bell. A magneto- 
bell is one which is worked by an alternating current 
derived from a magneto machine or generator (some- 
times called the ringer), which latter is, in fact, a small 
alternator or alternate-current dynamo, having per- 
manent field magnets, and a shuttle- wound armature 
(Chap. yin.). If a coil of fine wire wound on an iron 
bobbin be quickly rotated in a strong magnetic field, 
a rapidly alternating current wUl be generated, which 
current may beTed to the outer circuit by suitable 
connections. A view of a magneto. machine is given 
in Fig. 65. In this case, three permanent magnets/ 
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have their like polea onited by soft iron polepieces, 
between which the armature is pivoted. A handle 
outside the case rotates a large cogged wheel, which 
gears into a smaller one on the coil or armature shaft. 
Thos the latter is rapidly rotated when the handle is 
tamed at a moderate speed. A. magneto bell and 
automatic switch, such as is used in telephone work, 
are shown on the cover of the case ; but these need be 
no farther considered, except that it may be pointed 



Fig. 6B. Mogoeto B»ll. 

oat that the bell (Fig. 66} differs slightly from that 
illustrated in Figs. 63 and 64, which we will now 
proceed to describe. 

Fig, 63 shows a magneto bell, and Fig. 64 is a dia- 
gram which will enable its action to be understood. 
There are two coils and cores c c' (Fig. 64) mounted on 
a yokepiece T, the whole forming an ordinary horse- 
shoe electro-magnet. Below is pivoted a light arma- 
ture A, carrying a stem and hammer H, which strikes 
the bells when it moves to and fro. A light spring, 
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liTetted at its middle to the centre of the armature, 
bears on the two poles, and tends to keep the armature 
horizontal. This ia shown at Sp in the figure, but it 
is not absolutely essential. Arranged so that its poles 
come opposite the middles of the yokepiece and arma- 
ture respectively, is a permanent horseshoe magnet NS. 
The effect of this is to magnetize the magnet cores 
jnd armature by induction as follows : the N. pole of 
the permanent magnet induces south polarity at the 
middle part of the yoke a", and north polarity at the 



Fig. 64. Diagram of Uagneto Bell. 

poles of the electro-magnet, as at » n' ; while the S. pole 
of the permanent magnet induces north polarity at the 
middle of the armature, and south polarity at its two 
ends 8 «'. The armature is thus polarized, and its 
direction of movement depends on the direction of the 
current. Suppose a current flows round the magnet 
in snch a manner as to make the pole of c north and 
that of d south ; the induced N. polarity n is strength- 
ened, while that at n' ia destroyed, the pole for the 
time being S.: the right-band pole of the armature 
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will thus be repelled, while the left-hand pole will be 
attracted, and the hammer ^will move to the right. 
If now the current in the coils is reversed, so that e is 
S. and c" N,, the armature will move over the other 
way. Thus the hammer will vibrate once to and fro 
with every complete alternation of the current. As 
we have said before, the polarization of the armature 



Fig. 66. Magneto Generator 

enables it to change its movement with changes in the 
direction of the current ; while the polarization of the 
magnet cores, which, as we have seen, can be readily 
overcome by the current in the coils, renders the mag- 
net more susceptible to the rapid changes in the direc- 
tion of the current. Obviously a magneto-bell will not 
continue to ring if a direct current be pf^ased through it. 
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* 86. OiEcuiT Diagrams. Having briefly described 
the construction and working of the principal kinds of 
electric bell apparatus, we will conclude this chapter 
with some circuit diagrams^ showing the manner in 
which apparatus is connected up in circuit. A simple 
circuit, illustrating the connection of a battery, bell, 
and push, has already been shown in Fig. 63. 

Fig. 66 illustrates a 3-no. mechanical replacement or 
pendulum indicator working from 3 pushes, and con- 
nected with a bell, and a 3-cell battery. The internal 
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Fig. 66. Circuit Diagrftxn. 

connections of the indicator will be clearly seen, the 
short spiral lines representing the magnet coils of the 
indicator movements. The bell is often fixed to the 
indicator frame, but this makes no difference in the 
connections. 

Supposing it is required to connect two places A 
and B, so that A may ring B's bell, and vice versd^ and 
suppose there is a battery at each place ; then, if morse 
pushes (Fig. 48) be used, the connection may be made 
as shown in Fig. 67, with two wires only ; or with one 
wire and Earth return, i.e., with the return wires 
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soldered to the water pipes, so as to lead the current 
back through the Earth. To do the same thing with 
ordinary pushes would require three wires between the 
two places. Two places may be connected so that either 
can ring the other's bell, with a battery at one staiioii 



y 

A 




Une 
Return 




y 

B 



Fig. 67. Circuit Diagram. 

only, with ordinary pushes, as shown in Fig. 68. Fig. 
69 illustrates how either of two bells A and B may be 
rung from one battery by means of a two-way switch 
S. There are many cases in which such an arrange- 
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Fig. 68. Circnit Diagram. 

ment is useful ; and in some it might be necessary to 
insert a push between the switch and the battery. 

When two or more ordinary trembling electric bells 
are required to be rung at the same time, from one 
battery and push for instance, the bells must be joined 
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up in parallel, so that the current divides between 
them instead of going through them one after the 
other, as would be the case were the bells connected in 
series. When we consider the action of a trembling bell 
and think of two such joined up in series, it is evident 
that, unless they made and broke circuit at exactly the 
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Fig. 69. Circnit Diagram. 



same rate (a practically impossible condition), they 
would either work very jerkily and weakly, or not at all. 
Fig. 70 shows 3 bells joined up to ring from one push 
P. There are two or three special forms of trembling 
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Fig. 70. Circnit Diagram. 



bells adapted for series working, but space will not 
admit of their description. Single-stroke bells may be 
coiinected in series, isince they do not break the circuit. 
Fig. 71 shows 2 burglar alarms and 2 fire alarms con- 
nected up with a bell and battery. A switch S, of the 
kind shown in Fig. 49, is introduced into the circuit, so 



•\ 



134 



ELECTRIC LIGHTING, ETC. 



[cHAt. V. 



that the latter may be broken in the daytime, when 
doors and windows are being constantly opened and 
shut. In an actual installation, the fire and burglar 
alarms would not be put in the same circuit as shown 




Fig. 71. Circuit Diagram. 

in Fig. 71, because, while it is necessary during the 
daytime to cut the burglar alarms out, the fire alarms 




Fig. 72, Circuit Diagram. 

should always be in circuit. In large houses it is well 
to have an indicator connected with the alarms, to 
show at once from which part of the house the signal 
has been given. 
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The connections of a 3-no. electrical replacement 
indicator are shown in Fig. 72. When the replacing 
push 22 P is depressed, current is sent, via the terminal 
Ty through the left hand or replacing coils of all the 
indicator movements, so sending back to their normal 
position any of the flags which happen to have been 
deflec);ed. The student should again refer to Fig. 56 
and its description. These indicators are useful where 
it is required to have the replacement done from a dis- 
tance. Pendulum indicators are not always favoured, 
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Fig. 78. Circuit Diagram. 



as they are liable to stop swinging before the servant 
has had time to see which room has signalled. 
Mechanical replacement indicators necessitate one 
going up to it to replace the flags. With electrical 
replacement indicators, more than one replacing push 
may be used, and they may be placed at any distance 
from the indicator. 

Fig. 73 shows the connections of a 3-no. mechanical 
or self-replacement relay indicator, and it should be 
studied in conjunction with Figs. 60 and 61 . The current 
from either of the distant pushes, after passing through 
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an indicator coil /, traverses the coils of the relay JS, 
and returns by terminal T to the - pole of the battery. 
The relay contact c is thus made, and current entering 
from the + pole of the battery by the terminal T\ goes 
to the bell ma T", and so back to the battery. 

Fig. 74 shows a magneto generator joined up with a 
magneto bell. (See also Figs. 63, 64, and 6B.) Two 
or more generators or bells may be put in the same 
circuit, in series ; in which case, when either of the 
generators is worked, all the bells will ring. 

Electric bell work is immensely facilitated by an 
ability to work out circuit diagrams. Those illus- 
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Fig. 74. Magneto Bell Circuit. 

trated above show only the simpler kinds of circuits, 
but having mastered these, an intelligent student 
should be able to plan out almost any kind of ordinary 
circuit. [See Exercises, pp, 140 and 141.] 

* 86. "Winding and Connection of Eleoteo-magnet 
Coils. The strength of an electro-magnet depends, 
roughly speaking, upon two things — the current, and 
the number of turns of wire on its coils. Thus a 
magnet wound with many turns of fine wire with a 
weak current passing through it, may pull its arma- 
ture as strongly as a magnet wound with compara- 
tively few turns of thick wire carrying a strong 
current. 
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Bells, indicator movements, and other instruments for 
long distance working, where the current is weakened 
by the resistance of the circuit, are wound with many 
turns of fine wire ; while apparatus for short distance 
working have a comparatively short length of thick 
wire on their coils. Relays are wound with compara- 
tively fine wire, as they are required to work with 
weak currents. 

From what we have said above, it is clear that with 
a given current, the greater the number of turns of 
wire on the coils, the greater will be the pull of the 
magnet. Now if we have a certain bobbin filled with 
a certain number of turns of comparatively thick wire, 
it is evident that, in order to get a greater length and 
number of turns of wire on to the same sized bobbin, 
we must wind it with finer wire. There is a limit to 
the size of bobbins, and having fixed on this limit, we 
choose the largest possible size of wire which will fill 
the bobbin, and give the required number of turns. 
The finer the wire, the greater the resistance. We do 
not use fine wire because there is any particular virtue 
in it, but because it is necessary in order to get the 
requisite number of turns on the coil. These remarks 
apply to various apparatus, galvanometers for instance. 
It is a puzzle to some students that an instrument 
with high resistance should, generally speaking, be 
more sensitive to weak currents than one with a low 
resistance. The resistance is not there because it is 
wanted, but because it is the result of the use of a 
great length of line wire. Ordinary bell and indicator 
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coils may be wound with No. 24 or 26 S.W.Q-. wire, 
finer sizes being nsed according as the desired number 
of turns is increased. 

In some work it is necessary to lessen the inductance 
of a magnet : this may be done by joining its coils in 
parallel, instead of in series. When doing this, care 
must be taken to see that the current flows round 
the coils in opposite directions, so as to give the proper 
polarity. 



CHAPTER v.— QUESTIONS. 
In anstoering these questions^ give eketchee wherever poeeible. 

N.B.— Circuit diagrams to be dratvn according to the rvle 
given in § 79. 

*1. Describe the Leclanche cell, and add some hints as to how 
to maintain it in working order. [Prel. 1894.] 

*2. Distinguish between the ordinary Leclanche, the agglo- 
merate-block, the Lacombe-Leclanche, the Leclanch^-Barbier, 
and dry cells. 

*3. Say what you know about the E.M.F. and internal resist- 
ance of cells for electric bell work. 

*4. Define the terms " in parallel," " in series," " on open 
circuit," and give sketches in illustration. [Prel. 1894.] 

*5. What is the white metal used for the tips of the contacts 
in electric bells? Why is silver not used for this purpose? 
[Prel. 1895.] 

*6. Sketch and describe the action of an ordinary trembling 
bell. 

*7. Distinguish between the ordinary trembling, the single- 
stroke, and the continuous-ringing bell. 

*8. Say what you know about pushes and pulls, and distin- 
guish between such and a switch. 
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*9. Sketch and describe tlie fixing of some kind of burglar 
alarm. 

*10. Distinguish between the different kinds of fire alarm, and 
describe any one pattern. 

*11. Why are electric bells apt to work badly when coupled 
in series ? [Prel. 1895.] 

*12. Explain the application of Maycock's rule for electric- 
bell wiring, in circuit diagrams, and in actual work. In what 
ways does it facilitate work ? 

*18. How many kinds of electric indicator movements are 
there ? Sketch and describe one of each kind. 

*14. Sketch clearly and explain the internal arrangements 
of a 4-no. electrical replacement indicator, showing the replacing 
movement. 

*15. Sketch the connections needful for bells between two places, 
A and B, so that a person at B can ring the bell at A, and that 
a person at A can ring the bell at B. One battery (of 2 or 8 
cells) only to be used; and only one bell to ring at a time. 
[Prel. 1894.] 

'^'IG. Explain concisely the construction and use of relays. 

*17. Give A diagrammatic sketch of a continuous-ringing 
bell, and show how you would connect it up with 6 burglar 
alarms. 

*18. There is an electric bell at A and another at B, with a 
single line of wire between them. Show by sketches what 
arrangement of cells and switches is required that a person at 
either end can call up on the other bell without ringing that at 
his own end. [Prel. 1895.] 

*19. Give a diagram showing how the armature of a magneto 
'* generator " is connected with the coils of a magneto bell. Ex- 
plain the action of the latter. 

*20. Why is there a permanent steel magnet in the bells that 
are to be used with magneto-ringers ? [Prel. 1894.] 

*21. If electric bells are to be made to ring (by a magneto- 
ringer) through aline many miles in length, why must fine wire 
be used, both in the coils of the ringer and in the coils of the 
electro-magnet in the bell ? [Prel. 1894.] 



*x 



140 ELEOTBIG LIGHTING, ETC. [chap. v. 

*22. Give a diagram with connections of a relay working an 
electric bell. [Prel. 1895.] 

*23. Give a diagram representing an eight-roomed house fitted 
up with electric bells, burglar and fire-alarms. Give the names 
and positions (ground fioor, first fioor, etc.) of the rooms, and 
also show the positions of the various bells, indicators, batteries, 
etc., used. It is not necessary to show the actual position of the 
pushes and other contacts, only the rooms they are in. 

*24. Show the internal and external connections of a 6-no. 
electrical replacement relay indicator, with 3 replacing pushes. 

♦25. How can you convert a bar of iron into a magnet ? If 
you have a small electromotive force, and no appreciable re- 
sistance in the rest of the circuit, would you use thin wires, or 
thick, for winding an electro-magnet? [Prel. 1894.] 

*26. Bef erring^ to Fig. 67) sapposiog it was desired that a bell at a place 
half-way along the line should ring every time B signalled to A, bat not when 
A signalled to B : how would you arrange this without disturbing the con- 
nections at either Aor B? 

*27. One bell, one battery, and four pushes are to be so arranged that one 
of the pushes rings the bell '' single stroke," while the other three pushes 
ring it '* trembling." Sketch the circuit, and say if you think the arrange- 
ment would work well. 

*28. Two bells A and B, one battery, three pushes, and a two-way switch, 
are to be so arranged that one push rings bell A^ another push bell B, and the 
third push either bell according to the position of the switch. Sketch 
circuit. 

*29. A mansion is fitted with fire alarms on each of 3 floors, as well as the 
ground floor and basement; and with burglar alarms on the basement, 
ground, and first floors. The fire-alarms work through an indicator and 3 
bells in different parts of the premises, whUe the burglar alarms actuate a 
separate indicator and one bell. The indicators show from which floor the 
alarm is given. Give a sketch of the connections, showing, for simplicity, 
only 2 alarms of either kind on each floor. 

*30. Modify Fig. 66 to represent three pushes in one room working one 
indicator movement, two pushes in another room working the second move- 
ment, one push in a third room working the third movement, and a seventh 
push working the bell only. Under what circumstances would such an 
arrangement be useful, do yon think P 

*31. There are three places, A, B, and C At ^ is a push which, working 
through the left-hand contact of a two-way switch, actuates a continuous 
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ringing bell at B, using E. return and a battery of 3 cells at B. When svritch 
leyer is on rigbt-hand contact, tbe bell at B is actuated as before, but the 
current passes through a relay which closes the circuit of a continuous ringing 
bell and 4 cells at C, using E. return. Sketch circuit. 

*Z2. A bouse consisting of 7 rooms: hall, dining-room, and kitchen (ground 
floor) ; drawing-room and 1st bedroom (1st floor) ; 2nd and 3rd bedrooms (2nd 
floor) ; is to be fitted up as follows. A 6-no. indicator and bell in kitchen are 
to work from all the other rooms ; pushes in hall, dining-room, and 1st bed- 
room work 3-no. indicator and bell in 3rd bedroom. A burglar alarm and 
fire alarm each in kitchen, hall, dining-room, and drawing-room, work 2-no. 
indicator and bell in Ist bedroom. Fire alarms work one no. of indicator, 
the burglar alarms work the other no. One battery of 6 cells, situated in 
kitchen, is to famish all tbe current. Si^etch skeleton of house, and then 
draw circuit. 

33. Explain clearly, by the help of what you read in Chap. lY., why join- 
ing the coils of an electro-magDct in parallel lessens its inductance. 

*34. Define the following terms : resistance, alloy, amalgam, polarisation, 

E.M.F. , one ampere, one ohm, one megohm, one volt, one kilowatt. [Prel. 1896.] 

*35. Show how to join up two electric bells by a single line and an earth 

return, bo that a x>erson at either end can ring up at the other end without 

ringing his own bell. [Prel. 1896.] 

*36. Name the chief kinds of batteries used for electric bells and for tele- 
graphy, and the materials used in them. [Prel. 1896.] 

*37. Why do sparks occur in ordinary electric trembling bells ? How can 
they be prevented or reduced ? [Prel. 1896.] 

*38. Under what circumstances would you select as an electromagnet 
(a) one wound with many turns of very fine wire ; (b) one wound with few 
turns of thick wire ; (c) one having its core made up of a number of stamp- 
ings of sheet iron ? [Prel. 1896.] 

*39. Describe the construction of a Leclanch^ cell, and state what are its 
advantages and disadvantages. Under what circumstances would you employ 
Leclanch^ cells ? [Prel. 1897.] 

*40. Describe, with sketches, a single-stroke bell, and a trembling bell. 
[Prel. 1897.] 

*41. What is your opinion regarding the ordinary method of stapling 

electric bell and telephone wires to walls ? [Prel. 1897.] 

*42. Describe an electric fire alarm in detail, with sketches. [Prel. 1897.] 

*43. Define the terms : insulation, insulator, battery, switch, condenser, 

electromotive force, relay, depolarizer, vacuum-tube, electrode. [Prel. 1895.] 

*4A. Describe three different types of primary batteries, and state what 

kind of work each type is most suitable for. [Prel. 1898.] 

*45. Describe, with sketches, a magneto-generator, such as is used for 
telephone calls. [Prel. 1898.] 
N,B. — Circv/it diagrams to he d/roAvn according to the rule given in § 79. 
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CHAPTER VI 

The figures refer to the numbered paragraphs. 

Introduction, 87. Magnetic Properties of Materials, 88. Bemanenoe 
or Besidual Magnetism, 89. The Magnetic Circuit, 90. The 
Magnetic Circuit {cont.)^ 91. The Magnetic Circuit {cont.)^ 92. 
Curves, 93. Curves of Magnetisation or Induction, 94. Mag- 
netic Qualities of Iron, 95. Summary of Terms, 95a. Measure- 
ment of Hi ^* Measurement of Mt h Bi ^^^ A*) ^7* Suscepti- 
bility, 98. Cyclic and Periodic Curves, 99. Hysteresis, 100. 
Hysteresis Carve, 101. Example in Magnetic Calculation, 102. 
Other Methods of Testing Iron, etc., 108. Table of Natural 
Sines, Tangents, etc., 104. Questions, page 185. 

* 87. Introduction. In this chapter we shall in- 
vestigate the properties of the magnetic circuit, 
the relations of the various magnetic quantities to 
one another, and magnetic measurements. The 
whole subject is one which presents many difficulties 
to the student, but these will be overcome by careful 
and repeated reading. 

* 88. Maqnbtio Peopeeties of Mateeials. Iron 
and steel are the metals whose magnetic properties are 
of most practical value. When we say that a piece of 
iron or steel is magnetised, we mean that its already 
magnetised particles have been so arranged in line as 
to give us useful magnetism. The following experi- 
ment illustrates the different free magnetic properties 
of various samples of iron and steel. The difference 
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between free and useful magnetism will be explained 
in the next paragraph. 



ExpeTnment. — ^Apparatus required :—3-cell battery, coil of 
wire, heap of tacks, and 4 rods about Q'' long and ^'^ 
dia., respectively of soft annealed iron, cast iron, soft 
steel, and hardened steel. 

At first neither of the rods should show any free 
magnetism when dipped into the tacks. 

Now insert each rod in turn within the coil, give it a 
few taps with a hammer, and observe the number of 
tacks which each will pick up. 

Tested in this way, it will be found that their order of 
goodness is as follows :— - 

1. Soft iron. 8. Cast iron. 

2. Soft steel. 4. Hard Steel. 

Now, after withdrawing them from the coil and giving 
them one or two taps with the hammer, again test each 
bar, and it will be foand that, as regards the free magnet- 
ism exhibited, the above order is reversed, as follows : — 

1. Hard Steel. 8. Soft steel. 

2. Cast iron. 4. Soft iron. 

The hard steel will pick up the most tacks, though not 
quite so many as it did when within the coil, while the 
soft iron will probably not pick one up. 

* 89. Bemanenoe or Residual Magnetism. The 
free magnetism left in a bar of iron or steel after it has 
been removed from the influence of a current-carrying 
coil or other magnetising agent, is sometimes spoken 
of as remanence or residual magnetism ; and the pro- 
perty in virtue of which this magnetism is retained is 
known as retentiveness or permanency. Thus the 
retentiveness of cast iron is greater than that of soft 
iron, but less than that of hard steel. 
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Theoretically, it is because of the supposed closeness 
with which the molecules of hardened steel are packed 
together, that it is enabled to retain its free magnet- 
ism ; and it is because of this also that the steel was 
not so strongly magnetised as the soft iron while with- 
in the coil. {See Exp. in preceding §.) The molecules 
of the latter may be supposed to be able to move 
among themselves with great freedom ; so that when 
within the coil, the majority of the molecules turn in 
line in obedience to the lines of force of the coil ; and 
when removed from the latter's influence, they turn so 
as to complete their magnetic circuits among them- 
selves, and so give out no free magnetism. 

Free magnetisun exists where magnetic lines have to 
pass through air in order to complete their circuits. 
There is no free magnetism in a uniformly magnetised 
ring of iron, or in an ordinary transformer core, but 
there is useful magnetism. Although most people accept 
the molecular theory of magnetism, the practical way 
of accounting for the increased number of lines when 
a magnetisable body is placed in a magnetic field, is 
to say that it is in virtue ot the superior magnetic conr 
ductance of the magnetisable body, as compared with 
air or other so-called non-magnetisable body. The term 
for magnetic conductance is permeance^ thoxxgh perme- 
ability is often incorrectly used in this sense. (§ 96a.) 

90. The Magnetic Circuit. Ohm proved experimen- 
tally that the ratio of E.M.F. to current in a circuit of 
perfect saineness as regards the material of the con- 
ductor, miaintained at a constant temperature, and not 
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containing any other E.M.F. but the one considered, 
was constant. 
Expressed in symbols this is : — 

El = E -f- C. 

This ratio was given the name resistance, and has 
since come to be looked upon as a property of the con- 
ductor, as indeed it is, varying with its dimensions 
and kind, and to a slight extent with its temperature 
(§§ 24, 26). Of late years, the apparent similarity 
which exists between the electric and magnetic 
circuits has been pointed out, and attempts have been 
made to treat the relationship between the magnetic 
force (H) producing a magnetic flux (or flow of lines), 
and the fltujc density (or intensity of the magnetic field) 
in the metal (B); in a very similar way to that in 
which E.M.P. and current are treated in Ohm's law. 

I.e., R = H "^ Dy 

R' representing the magnetic resistance offered by the 
metal (§ 95a). Such a law of the magnetic circuit, 
similar to Ohm's law, is useful for beginners, to give 
them a preliminary idea ; but, as will be pointed out 
later on, it is only approximately true. 

If we take a magnet in air, we find that the mag- 
netic properties of ^e magnel affect the surrounding 
space, and we call the space a magnetic field. The 
simplest way to detect the direction of this field, is to 
bring within its influence a small delicately suspended 
or pivoted magnetic needle. The position in which 
the needle sets itself at any point, indicates the 

L 
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direction of the field at that point, the N. pole of the 
needle pointing in the + direction along the lines. To 
measure the intensity or strength of the field, i.6., the 
closeness with which the lines are packed together, 
we might find the force exerted on one pole of a very 
long thin magnet, the length being so great that the 
other pole was practically beyond the influence of the 
field. Such a single pole, if free to move, would travel 
along the field, the pull or push exerted on it depend- 
ing on the intensity of the field. 

Permanent magnets are but little used in electrical 
engineering work, and the laws governing the forces 
and actions of such magnets upon one another, have to 
be considerably modified before they can be applied to 
electro-magnets. 

Lines of force in air tend to produce lines of induc- 
tion (induced magnetism) in any mass of metal to 
which they have access. The term lines of force is in 
practice used to denote magnetic lines in air ; where 
the latter pass through metal they are called lines of 
induction. The reason for this is, that the number of 
magnetic lines passing through a portion of metal 
forming part of their circuit, may be greater or less 
than the number which would pass were the same 
space occupied by air only, according as the metal is 
paramagnetic or diamagnetic. 

Paramagnetic bodies (iron, steel, nickel, cobalt, 
manganese, chromium, cerium, titanium, and plati- 
num (?), and their ores and salts,) are those which 
'^ conduct " lines of force better than air. All other 
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bodies are diamagnetic^ i.e. they have less magnetic 
conductance than air. Paramagnetic bodies are 
sometimes called magnetic bodieSj and diamagnetic 
bodies Tion-magnetic. The difference between magnetic 
and so-called non-magnetic bodies is, like that between 
conductors and insulators, one of degree only. 

The magnetic circuit is not, in most cases, as clearly 
defined as the electric circuit through which electricity 
flows, for the simple reason that while we may con- 
fine electricity to any given path (generally a metal 
wire), by surrounding that path with something which, 
practically speaking, will not allow electricity to flow 
through it, viz., a good insulator: there is no such 
thing as a magnetic insulator, for all bodies and gases 
conduct magnetic lines to an appreciable degree. 

Though there is no such thing as a magnetic in- 
sulator, yet an instrument, such as a galvanometer, 
may be screened from external magnetic forces by 
enclosing it in a massive soft iron case. {Examplej 
Thomson's [Lord Kelvin's] marine galvanometer.) 
Similarly, a magnet placed in a thick, soft iron box 
would not affect a magnetic needle outside the box. 
Such cases are analogous to short-circuiting the 
terminals of an instrument, or dynamo, or battery, by 
a thick conductor ; whereon there is little or no in- 
ducement for electricity to flow by any other path. 

Lines of force have no ends, and may be looked 
upon as stretched elastic bands which are always 
endeavouring to shorten themselves or shrink up. In 
diagrams it is not always necessary to show their 
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complete path, as it would generally take up too much 
room, even were it possible to say exactly where a 
magnetic field ended. 

The electric and magnetic circuits, however irregular 
in shape they may sometimes be, are always linked 
together. Thus in Figs. 9 and 17 the magnetic circuit, 
which is wholly through air, encircles the electric 
circuit. In Fig. 19 one half of the magnetic circuit is 




Fig. 75. Magnetised Iron Bing. 

of iron, and the other of air. In Fig. 17 the circuit 
followed by the lines is through the coil and back 
again on all sides. In Fig. 18, iron is introduced into 
the principal part of the circuit, and its effect of 
drawing the lines together by reason of its better 
permeance (magnetic conductance), is clearly shown. 
In Fig. 20, although we should get poles at the two 
ends of the spiral, as shown, the lines would not wholly 
follow the spiral iron path, but would leak across at 
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the beginning and end of each separate turn, and 
there would consequently be weak poles there also. 

For further consideration, let us take as example a 
ring of iron (Fig. 76), round which a coil of wire has 
been wound, and send a current through the coil. 
Then we have two closed circuits, the electric and the 
magnetic.^ If we consider the first, we have by Ohm's 
law, C = E -?-B. In a similar manner we may roughly 
talk about the magneto-motive force ^ (which is propor- 
tional to the current, and to the number of turns of 
wire on the coil [§ 92],) giving rise to magnetic lines 
in the magnetic circuit, in this case composed of the 
iron ring ; the flux or total number of lines set up ; 
and the reluctance or magnetic resistance opposed by 
the ring to the setting up of these lines. 

Thus :— 

{Electric Circuit) 
Electro-motive force. 



Current = 



Flux = 



Resistance. 

{Magnetic Circuit.) 
Magneto-motive force. 



(Magnetic current). ,^ Reluctance 

(Magnetic resistance). 

* An electric circuit must of necessity be " closed " to allow 
electricity to flow. By closed magnetic circuit is meant one in 
which there is a complete iron path. In a magnetic circuit the 
lines will " flow " whether the circuit is " opened " or ** closed." 

' Magneto-motive force must not be confused with magnetic 
force. With a given current, the former is proportional simply 
to the number of turns on the coil, while the latter depends on 
the turns and the length of the coil. (§§ 92, 95a, 96.) 
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Unfortunately, as we have before stated, the above 
simple law as applied to the magnetic circuit does not 
admit of general application. Itesistance is a quantity 
independent of the current flowing through a conductor, 
provided the latter is kept at a constant temperature ; 
whereas the reluctance or magnetic resistance of the 
iron ring will vary with every change in the number 
of lines of induction passing through it. 

In Fig, 76, the iron ring IS ia entirely wound round 



Fig, 76. MagDetiBed Iron Bing, 

with the coil of wire, and the lines, which are primarily 
due to the current in the coil, will keep wholly to the 
iron path, and there will be no magnetic leakage. If, 
as in Fig. 76, the current-carrying wire is all wound on 
one small portion of the iron ring, there will be con- 
siderable leakage of lines through the air, the amount 
of which will depend upon the ampere-turns of the 
coil, and the size and cross section of the iron ring. 
The thicker the iron ring is, the more inducement will 
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there be for the lines to follow the iron path. The 
iron ring has much more magnetic conductance or 
permeance than the surrounding air, but its permeance 
will decrease, and its reluctance (magnetic resistance) 
increase, as the number of lines passing through it 
increases. 

The number of lines of induction passing through 
unit area (sq. cm.) of the material forming the mag- 
netic circuit, is called the induction^ and is denoted by 
the symbol B. B is variously called : — 

The Induction ; 
The Magnetic Induction ; 
The Internal Magnetisation ; 
The Intensity of the Induction ; 
The Permeation ; 

The number of lines (or lines of induction) in the 
material per sq. cm. of cross-section ; 
The Flux-density ; 

all these terms meaning the same thing. The first- 
named is the one most commonly used, and we there- 
fore mostly use it here ; but it is badly chosen, as it is 
employed in various other senses also. The last-named 
term (flux-density) is good, and should gradually dis- 
place the others. The methods by which this quantity 
B can be measured, will be dealt with later on. 

91. The Magnetic Cieouit {continued). In the pre- 
ceding paragraph a general idea of the magnetic 
circuit was given: we will now proceed with the 
subject in a more precise manner. 
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If an electric conducting circuit is taken, and there 
is an electro-motive force in it, there will be a current 
whose value is found by dividing the electro-motive 
force by the resistance of the whole circuit. !ff a ring- 
shaped core of iron is wound with wire, and a current 
is maintained in the wire, the iron of the ring will be 
magnetised (Fig. 76). The magnetic excitation pro- 
duced by the coils of wire may be compared with the 
E.M.F. of the electric circuit, and is sometimes called 
the magneto-motive force (see footnote, p. 149) ; and the 
"magnetic current,'' or total magnetic flux (or flow of 
magnetic lines), would be found by dividing the 
magneto-motive force by the magnetic resistance or 
reluctance of the iron ring. A difficulty arises, how- 
ever, for as regards electric current, bodies can be 
divided practically into conductors and non-conduc- 
tors : but in the magnetic circuit, even so-called non- 
magnetic bodies (§ 90), such as air, will carry the 
magnetic flux ; so that a coil of wire with a current 
produces lines of force even if there is no iron (Fig. 17). 
The result is that the magnetic circuit is not well 
defined. In the iron ring most of it is through the 
iron ; but, especially if the exciting coil is all wound 
in one place, there is magnetic leakage through the air 
too (Fig. 76). If our electric circuits were all so leaky 
that we never knew the whole current produced by the 
E.M.F., and also never knew the resistance of the 
circuit (as would be the case, for example, if a herme- 
tically sealed battery and a naked copper circuit were 
immersed in mercury), we should be unable to deal 



§§91,92] MAGNETIC POTENTIAL. 153 

with the current. We might define the current as the 
current in the copper only, but even that would be 
greater near the battery than in the more remote parts 
of the circuit. Again, in such a case, the current in 
the copper could not be found by dividing the E.M.F. 
by the resistance of the copper only ; for Ohm's law 
could not very well be applied in a case where there 
was a leaking round of electricity by otjier paths, as 
through the mercury. 

The magnetic resistance method of dealing with the 
subject is thus of little value when numerical calcula- 
tions have to be made ; but it is very useful in giving 
students, who have mastered Ohm's law, a preliminary 
idea of the phenomena of magnetism. 

92. The Magnetic Circuit {continued), A more com- 
plete and satisfactory theory, which is unfortunately 
much more difficult to understand at first, requires us 
to regard a current-carrying coil of wire as produc- 
ing a magnetic potential or pressure tending to set up 
magnetic lines. 

Magnetic potential is measured by the work that 
would be done on a unit pole, if such a thing could 
be got loose and allowed to move round the coil so 
that its path was linked with the coil, i.e., so that it 
traversed the magnetic circuit. A C.G.S. unit mag- 
netic pole 13 one that repels a similar unit pole, one 
centimetre distant, with a force of one dyne (§ 7). The 
C.G.S. unit current is the current which, if led near the 
unit pole through a bit of circuit one centimetre long 
and one cm. radius, so that the pole is at the centre. 
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acts on it with a ibrce of one dyne. Suppose instead 
of a bit of circuit we have a complete current turn, 
the force will then be 2 tt dynes. For if unit current 
exerts a force of one dyne when traversing a part 
of a circle equal in length to the radius, as just 
stated; the same current will exert a force of 2 tt 
dynes if it makes one complete turn round the mag- 
net pole, foy the circumference of a circle is 2 tt 
times the length of its radius (§ 24). 

The intensity or strength of a magnetic field at any 
point, is measured by the force it will exert on a unit 
magnetic pole. A field of unit intensity or strength 
will act on a unit pole with unit force (one dyne). It 
is convenient to imagine that in a field of unit strength 
there is one line of force for every square cm. unit of 
area ; so that a field of any strength n is one having n 
lines of force per square cm., n being the particular 
number of lines in question. Lines of force calculated 
according to this method are called C.G,8, lines. 

As a unit pole is one which acts on a similar pole 
with unit force at unit distance, it follows, from 
what we have just said about unit field, that there 
is unit strength of field at unit distance from such a 
pole. Now take any point to represent our unit pole, 
and suppose it surrounded by an imaginary sphere of 
unit radius, then the surface of the sphere will at all 
parts be at unit distance from the pole, and the 
strength of the field will be unity everywhere on 
the surface of this sphere. But unit field has one line 
of force for every square cm, of area ; it consequently 
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follows that there are 4 tt lines of force proceeding from 
a unit pole, for the surface of a sphere is 47rr^, where r 
is the radius : and the square of 1 is 1. 

It can be proved, without any advanced mathe- 
matics, that if a unit pole is allowed to travel round 
any path linked with a unit current making one 
turn, as referred to above, the work done will be 
4 TT ergs. This is true whether the interlinked path be 
air, or metal, or both ; and whatever shape or size the 
wire coil is, provided it has one current turn. The 
magnetic potential of an electric circuit or coil is thus 
4 IT times the current turns. As we are now working 
in the C.Gr.S. system, and the C.G.S. unit of current is 
ten times the ampere, the magnetic potential (in ergs 
per unit pole), or the magneto-motive force, is 0*4 tt 
times the ampere-turns in the coil, i.e. 1-257 times 
the ampere-turns. 

Magneto-motive force (M.M.F.). 
= 4 TT N = 12-57 C N when C (current) is in 

C.Gr.S. units, 

or = -4 TT C N = 1*257 N when C is in amperes, 

N being in each case the number of turns. 

G-enerally we understand C to mean current in 
amperes. 

The idea of magnetic potential is difl&cult to grasp ; 
but it is analogous to electric potential, or pressure in 
hydraulics. The pressure in a hydraulic circuit, for 
instance, can be found by finding the work done when 
a unit volume of water goes round the whole circuit, 
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arriving eventually at the same position. In hydrau- 
lics we deal not only with pressure, but if the pressure 
is high in one place and low in another, owing to 
power being used up between the points, we can say 
how much the pressure falls per foot of pipe. Simi- 
larly in electric circuits the potential falls gradually, 
and we can say there is a loss of so many volts per 
yard in a conductor with a current. Again, in mag- 
netic work we can think of fall of potential. The 
unit pole would do so much work per centimetre in 
one place, and so much per centimetre in another ; 
the amount being determined by the force acting 
on it, as work is numerically equal to the force 
multiplied by the distance (§8). The force which 
would act on a unit pole at any point is called the 
magnetic force at that point, and the magnetic force is 
spoken of whether there is a pole there to be acted on 
or not. The magnetic force is thus equal to the rate 
per centimetre at which the magnetic potential falls. 
Magnetic force is also called magnetising force, and is 
commonly denoted by the block letter H« As we 
have before explained, any field where there is force 
may be represented by filling it with lines, such that 
the number of lines of force per sq. cm. is the same as 
the number of dynes that would be exerbed on a unit 
pole inserted there. These lines of force are a very 
useful convention. Magnetising or (as we prefer to 
call it) magnetic force (H) wiay therefore he practically 
defined as the number of lines per sq, cm, in air at any 
part of the magnetic circuit. 
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In an electric circuit, take one point, in the interior 
of a copper bar for example. Imagine a centimetre 
cube cut so that the electricity flows in and out at 
opposite sides, but does not cross the other four sides at 
all. The current would be found by dividing the 
difference of potential between the opposite faces by 
the resistance of the cube of copper ; or by multiplying 
the P.D. by its conductance, for conductance is the 
reciprocal of resistance. That is to say, the current in 
the cube is equal to the product of the fall of potential 
per centimetre, and the specific conductance of the 
copper. The current per square centimetre of cross 
section is the current density. The current density in 
a conductor is thus found by multiplying the specific 
conductance of the material, by the rate of fall of 
potential at that point. Similarly, in the magnetic 
circuit, the flux-density or number of lines per D cm. 
is equal to the rate of fall of magnetic potential (or the 
magnetic force,) multiplied by the specific magnetic 
conductance of the medium. 

This quantity, the specific magnetic conductance, 
must be equal to tie reciprocal of the specific magnetic 
resistance or specific reluctance or reluctivity (R), just as 
in the electric circuit specific conductance (or conduc- 
tivity) is the reciprocal of specific resistance (or re- 
sistivity). Magnetic conductance is called permeance, 
while specific magnetic conductance is called permea* 
bility, and is denoted by the Q-reek letter fi (mu). 

From § 90 :— 
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/A = — just as conductivity = 



i.e.j as ohms per c.c. = -. in the electric circuit. 

ohms per c.c. ,« 01 \ 

Whichever method of regarding the theory of mag- 
netic propagation in metals be considered, we find that 
the four quantities, magneto-motive force or magnetic 
potential (1-267 ampere-turns): magnetic force (H): 
induction or flux-density (B) : and permeability (fi 
are required. These will now be discussed more in 
detail. 

93. Curves. A ** curve" may be defined as a diagram 
in which a curved or straight line is employed to re- 
present the relation of certain varying values to each 
other. Thus a curve may show the relation between 
the deflections of a galvanometer and the currents 
producing them : or between the magnetic force acting 
in a coU of wire and the induction (i.e., number of 
lines per square cm.) in a piece of iron: or between 
the E.M.F. and the current developed by a dynamo 
driven at a constant speed, when the external circuit 
resistance is altered : etc., etc. A special kind of 
paper, called squared paper, is employed for setting or 
" plotting " these curves on : the paper being divided 
into small squares by equidistant horizontal and ver- 
tical lines. (Fig. 77.) Distances measured along the 
horizontal line OX are called absdssce, and those 
measured along the vertical line OY, ordinaies. The 
method of obtaining the curves will be explained in 
each particular case under notice. 
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94. CuBVBS OF Maqnetisatiok ok Induction. In Fig. 
78 is shown a set of curves of magnetisation or induction 
of different samples of iron and steel, in which the 
abscissaB represent the different values of the mag- 
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netising or magnetic force (H)) &^d the ordinates the 
resulting induction (B). These curves are due to the 
researches of Prof. Ewing, and refer to samples of soft 
iron, hardened iron, cast iron, annealed steel, hard drawn 
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steel, and glass-hard steel, Le., steel which has been 
hardened but not tempered. It will be noticed that 
these results bear out what was said in §§ 88 and 89. 
Before being tested, each sample was perfectly devoid 
of free magnetism. Under a magnetising force of 2B, 
the annealed iron gave a value for B of about 8,000, 
the cast iron about 3,000, the hard iron 1,000, while 
with the three samples of steel the induction was prac- 
tically nil. When H =* 5 we have the following ap- 
proximate values : — 

Soft iron, 11,000. 
Cast iron, 4,000. 
Hard iron, 2,160. 
Annealed steel, 900. 
Hard steel, 800. 
Glass-hard steel, 600. 

Notice (l.at this small magnetising force is sufficient 
to give iiGfirly the maximum induction in soft iron, 
while the] e is only about one-fifth the induction in 
hard iro i. This points to the importance of using well 
annealef iron of the best quality whenever possible. 
It will Iso be seen that though much less even than 
that in hard iron, the induction in annealed steel is 
more tl an that in the hard-drawn steel, and still more 
than tl tat in the glass-hard steel. At these low values 
of H > however, there is little appreciable difference in 
the values of B for the different samples of steel. 
When H = 10) it ^^^ be noticed that the curve for 
annealed iron is burning round in a horizontal direc- 
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tion. This denotes that we have nearly reached the 
practical limits of induction, or in other words, that 
the iron is becoming saturated. This being so, any 
further increase in the magnetising force increases 
the induction very slightly indeed. The hard iron, 
however, does not begin to become saturated until 
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about three times the magnetising force has been 
applied, that is, when H =30 ; and even at this point 
on its curve it only exhibits the same induction as 
would be given by soft iron with H as ^ow as 9. 
Boughly speaking, this means that a magnet con- 
structed of bad unannealed iron would require 3| 
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times as many ampere-turns to magnetise it to a 
given induction, as would a simUar sized magnet of 
good annealed iron. 

When H = BO, it will be noticed that both the 
annealed steel and the hard steel have practically 
reached the saturation point, while the glass-hard 
steel curve is still rising sharply. From the position 
of this latter curve, the student will understand how 
difficult it is to magnetise very hard steel, except with 
a great magnetising force. Thus with H &t 10, we 
see that the soft iron has practically reached its 
maximum value, while the steel is only just getting 
magnetised. The induction in glass-hard steel when 
H = BO, is equivalent to the induction in soft iron 
when H =2*B: that is to say, hard steel requires about 
20 times as many ampere-turns to magnetise to a given 
induction as soft iron. It need hardly be pointed out 
how important to the engineer is a knowledge of the 
properties of the magnetic substances, to which we 
have just briefly referred. 

95. Maqnbtic Qualities of Ibok. The permeability 
or specific magnetic conductance of iron, unless very 
strongly magnetised, is much greater than that of any 
other body. It is therefore generally used as much 
as possible to constitute the magnetic circuit. In 
a dynamo, for instance, about 80% of the magnetic 
potential (or pressure setting up the lines,) due to the 
exciting coils, is devoted to the air spaces between the 
pole faces and the armature core. Thus, if a dynamo 
has 10,000 ampere-turns, and air spaces of 1 cm. ; the 
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magnetic potential is 1*267 x 10,000, or about 12,600 
ergs per unit pole; 89% of this, or say 10,000 ergs, 
being used up in the air spaces, i.e. 6,000 for each air 
space. As the permeability of air is, by definition, 
equal to 1, we have thus an induction of 6,000 lines 
per sq. cm. in the air spaces. 

As was mentioned in §92, rdtictance or magnetic 
resistance is the reciprocal oi permeance or magnetic con- 
ductance ; and reluctivity or specific magnetic resistance is 
the reciprocal of permeability or specific magnetic con" 
ductance. Thus the reluctivity of soft iron is very much 
less than that of hard steel, while on the other hand 
its permeability is greater. 

The value of fi (i,e. permeability) varies of course 
with different samples ; and with any particular piece 
of iron or steel, first increases and then decreases as 
the magnetising force (H) increases. The reason 
of this is as follows. The induction (B) iii a piece 
of iron is a consequence of the alignment of its 
magnetised molecules ; and as the magnetising force 
is increased, more and more molecules are set in line, 
until there remain comparatively few to be acted 
upon. In this state we have what is known as the 
saturation of iron. As, consequently, the induction (B) 
cannot go on increasing at the same rate as the mag- 

netising force (H)j it follows that the ratio §, i.e. the 

permeability (/it), must get less and less as the mag- 
netising force is increased. The permeability of any 
particular sample of iron or steel is therefore not a 
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constant quantity, bat diminishes as the metal becomes 
saturated. The permeability of air is taken as unity, 
so that in air B = H- 

As M»g, B=/^ H. 

Thus in soft iron, when B is 12,000 and H = 6-6 
(see Fig. 78), the permeability is 1,846, for : — 



H — 6^ ^'^^ ^• 



If B IB 1,600 and H = 26, the permeability is 60, 

for: — 

B^l,600^gO^ 

Practical limits of flux-density, induction, or B« 

Wrought iron 16,000 lines per D cm. 
or 100,000 „ „ D inch. 
Cast iron 12,000 „ „ D cm, 
or 70,000 „ „ D inch. 

96a. Summaby of Tebhs. There is a confusing 
multiplicity of magnetic terms, and it may be well at 
this stage to summarise those which have already 
been mentioned. 

Magnetism means the existence of lines of force. 
If these lines complete their path wholly through a 
magnetic medium, we may have tiaeftd magnetism^ but 
not free magnetism : where they pass through air we 
have free magnetism. 

Magnetic lines in air are called lines of force] in 
magnetic metal, lives of induction. 



95a] magnetic terms. 16B 

Paramagnetic or magnetic bodies: cHa-magnetic or 
(so called) non-magnetic bodies. 

Permeance or magnetic conductance. Permeability or 
specific magnetic conductance (fi). 

Reluctance or magnetic resistance (R0« Reluctivity or 
specifix: magnetic resistance (R). 

Remanence or residual magnetism. 

Retentivity, or permanency^ or coercive force. 

Magneto-motive force, or pressure tending to set up 
magnetic lines, or 1*2B7 current-turnSj or 1*2B7 ampere- 
turns. (M.M.F.) 

Magnetic force, or magnetising force, or Zine« per wweY 
area i« air, or M.M.F, per unit-length of magnetising- 

coU (H).' 

Magnetic potential, worTc done on unit pole = l'2b7 
C N ergs per unit pole. 

Flux, or magnetic flux, or ^^ flow '' of magnetic lines, 
or " magnetic current,''^ (F)- 

Flux-deimty, or induction, or magnetic induction, or 
internal magnetisation, or ifitensity of induction, or per- 
m£ation, or 7mw6er o/* lines per unit area in material, 
or lines of induction per sq. cm. of cross section (g). 

Some additional terms whose meanings have not yet 
been defined are magnetic moment of magnet (M), 
intensity of magnetisation (|), susceptibility (k), hysteresis, 
and one or two others. 

^ Strictly speaking, lines per unit area in air are not the 
magnetic force, but the result of magnetic force acting on a 
medium of unit permeability (ji). The fiux per unit area has 
then the same value as the measure of H) but the quantities are 
of difiPerent kinds. 
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96. Measurement of H- To obtain the values from 
which curves of induction (Fig. 78) are drawn, it is 
necessary to measure the quantities which can be 
observed by the use of ordinary instruments. The 
simplest method of doing this is to wind a coil of 
insulated wire round the rod of iron to be tested, and 
send a current through the wire. The number of 
turns {N)j the length of the coil in centimetres (Z), and 
the current in amperes (G) being known, it can easily 
be proved that the magnetic force (H) at the centre 
of the coil will be : — 

H=i^x^ = M:^(§92) (I.) 

the current being divided by 10 to bring it to C.Gr.S. 
units. 

As ^ = -4 X 31416 = 1-267 

the above (I) may be more simply written : — 



^^1:267^^ (II.) 



Or in words :— 



Ti-r ^. . Magnetic potential M.M.F. 
Magnetic force = — ^ — = — 1_ = -^ 

length length 

This is only approximately true unless the length (I) 
of the coil is at least 10 or 12 times greater than its 
diameter. H represents the number of lines of force 
per sq. cm. of cross section of the coil, away from its 
ends, if air alone be the medium through which the 
magnetic lines pass. The total number of lines will 
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be got by multiplying H ^7 tbe cross sectional area 
in sq. cms. 

Example, Calculate the magnetic field at the centre 
of a long bobbin of wire, consisting of 1,000 turns in 
one layer wound on a tube 2 metres long and 4 cms. 
in dia., traversed by 10 amperes. How many lines of 
force are embraced by the centre of this solenoid ? 

By formula (II.) above : — 

 I _ 1-257x10x1000 
" 2 X 100 

= 1-2B7 X 60 = 62-85 lines per sq. cm. 

The flux (F) or total flow of lines in air wiU clearly 
be: — 

F=Hx« (in.) 

where 8 is the cross sectional area in sq. cms. 

As mentioned in § 24, the area of a circle = tt r^, r 
being its radius ; consequently the cross sectional area 
8 of the solenoid of diameter 4 cms. is : — 

8 = 7rr^ 
= 31416x4 
= 12*5664 sq. cm. 
/• F = 62-85x 12-5664 

= 790 lines embraced by centre of 
solenoid. 

In the above example, if iron were present instead 
of air, the number of lines would be greatly increased, 
as iron is a better medium for magnetic induction than 
air. The permeability of air is unity, while that of 
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iron reaches much higher values, depending upon the 
kind of iron used, and on the magnetising force em- 
ployed (rig. 78 and § 96). 

If H for a current-carrying coil be as above, and we 
insert an iron core whose permeability (^) = 1(X) for 
that value of Hy then the lines of induction per sq. 
cm. (i.e, B) would be equal to the permeability mul- 
tiplied by the magnetic force, or 

B = Hm (IV.) 

B = 62-85x100 
= 6285 lines. 

The total flux (F) in the iron would then be 

F=Bx« (V.) 

= 6285x12-66 
= 78939 lines. 

97. Measurement of My h B ^^^ f^- H ^ obtained 
by calculation in the simple manner above described, 
but there is no direct method of obtaining B or fi. 
Of course if H ^.nd either S or fi he known, the other 
quantity is readily found, for B = H /*• The value of 
fi is what is most often required in the workshop, in 
selecting iron for dynamos, transformers, etc. ; and 
must be obtained by experiment. The loss by 
hysteresis (§ 100) is an important quantity in determin- 
ing the most suitable grade of iron for parts subjected 
to constant reversals of magnetisation. 

There are two methods by which B can be found : 
the first depends upon the relationship between B &xid 
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other quantities directly obtainable by a magnetic 
needle : and the second upon the quantity of an in- 
duced current which flows round a secondary coil wound 
on the sample of iron, when the current in the primary 
or magnetising coil is altered or reversed (§ 103). We 
shall only deal fully with the first method. 

The magnetic moment of a magnet ( M) is the strength 
of one pole x the distance between the poles ; thus 
the moment (M) of the electro-magnet formed by the 
test piece and its magnetising coil is equal to the 
strength of either pole (w) of the magnet multiplied 
by the straight distance (Z) between the poles, or 

M^rnl (VI.) 

The magnetic moment or moment of a magnet is a 
measure of its tendency to turn when placed at right 
angles with the lines of any magnetic field. 

M is readily compared with the horizontal com-- 
ponent of the EartWs magnetic force (H), which varies 
at diflferent parts of the Earth. Its value, which may 
be obtained from tables, is about '18 dynes in Lon- 
don at present. Or we may compare |\/| with that of 
another magnet or solenoid whose value has already 
been determined. 

Taking the first case. A magnetic needle n s (Fig. 79) 
set in the Earth's field may be deflected by TP, the 
test piece of iron in the coil, which is placed with the 
line joining its poles at right angles to the magnetic 
meridian. Then if H = Earth's horizontal force, d 
the distance between centre of needle and either end 
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of test piece, and A the angle through which the 
needle tnms : — 

M = ^ H tan A. (VIL) 

(Tangent values of angles may be found from the table 
given in § 104.) 

In Fig. 79, jN^/S is a deflection magnetometer, i.e., a 
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Fig. 79. Measurement of Magnetic Moment. 

small and delicately suspended magnetic needle pro- 
vided with a long pointer jp, by means of which the 
amount of its deflection may be accurately noted. TP 
is the test piece of length Z, put into the coil of N turns. 
jB is a battery, R an adjustable resistance, G a gal- 
vanometer, and K a key. TP must be placed at 
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right angles with the needle's position of rest, ie., at 
right angles with the magnetic meridian. 

The intensity of magnetisation (|) of a magnet or iron 
bar, is found by dividing the moment (M) by the 
volume (V) of the iron. 

V = the length x breadth x thickness 
^ )j i> (f) ^ sectional area («) 
= Is. 

Then:- | =M=^-i^=^ (Vm.) 

y I X s s 

In other words | is equal to the moment per unit 
volume ( Y ), or to the pole strength per sq. cm. [—). 

V (volume) can be ascertained by simple calculation 
from measurements with an accurate rule and caUpers, 
and having got M and Y as described, | is at once 
obtained (by VIH). 

It can be proved that : — 

B = 4 TT I + H (IX.) 

and this is the relationship required in making tests of 
Q and /a. 

Calculation of fi. If we know the current in the 
coil (C) (Fig. 79), the number of turns (N), the length 
(Z), the distance (d) between end of test piece (TP) and 
centre of needle, the angle of deflection of needle (A), 
and the volume of the test piece (V) ; then from IV., 
IX., Vin., and VII. :— 

4 TT d* H tan A ^ ,«- \ 

/^ = Y~H ^ ^ '^ 

H being got from II. (§ 96). (See questions 32, 33, 
and 34, page 187.) 
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Example. A piece of wrought iron 20 cms. long by 
0*8564 sq. cms. in area was placed within a coil of 167 
turns. The length of the coil was 23*7 cms., and it could 
carry up to 10 amperes. At a distance of 29*53 cms., a 
deflection magnetometer was placed, the coil lying at 
right angles to the magnetic meridian (known as the 
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Fig. 80. Permeability Curve. 
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A position of Gauss). Currents varying from "6 to 9*6 
amperes were passed through the coil, the deflections 
of the magnetometer needle being noted. 

The arrangement of apparatus was similar to that 
shown in Fig. 79, G being either a galvanometer or 
ammeter, and B any convenient source of E.M.F., such 
as a secondary battery or electric light mains. 
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The results obtained are plotted on the curve shown 
in Fig. 80. The values of /a, calculated from the experi- 
mental observations, were derived from formula X., in 
which the quantities V and H ^© found respectively 
by means of a rule and formula II. The values of fi were 
plotted as ordinates, and the corresponding values of B 
(calculated by formula IV.) as abscissae. The result 
gives what is called a permeability curve. 

98. Susceptibility. Another quantity concerning 
any magnetic material is its susceptibility (k) ^ to mag- 
netisation, which bears the same relationship to | that 
fjk does to B- 



Thns :— 




B = /*H 


and 1 = K 


consequently : — 


m 


-i 


and '^ = p 



(XL) 

Susceptibility relates to the intensity of magnetisation 
produced in a body by a magnetising force, whereas 
permeability is a measure of its power of conducting 
lines. A full explanation of the former term involves 
the consideration of what is called surface magnetism, 
an idea which we wish to avoid if possible. Of the 
two quantities, permeability is, perhaps, the more im- 
portant to the engineer, and this we have fully explained. 

99. Oyolio and Pbeiodig Cubves. So far, we have 
only considered what happens when the iron (or other 
material subjected to a magnetic force) is magnetised 

* K S5 Greek letter, kappa. 
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by magnetic forces of varying value, but all acting in 
the same sense or direction. A more important case 
has, however, to be taken up at this stage ; and that 
is, the effect of gradually varying the magnetic force, 
and also its direction. When a force or set of circum- 
stances are caused to change from one value to another, 
finally returning to that from which a start was made, 
the operation is said to be a cyclic one. Thus a train 
on the Inner Circle underground railway in London 
follows a cyclic path. 

If, in addition to passing through a cychj the circum- 
stances repeat themselves at regular intervals, and go 
through the same cycle over and over again, then the 
process is given the name periodic cycle. 

We may cause the magnetic force operating on a 
piece of iron to go through a cyclic change, by first 
increasing the current through the magnetising coil in 
one direction till it reaches the highest value we in- 
tend to give it, then slowly decreasing it till it reaches 
zero, going on with it in the reverse direction, and 
increasing it until it reaches the same maximum value, 
only with the direction of the lines reverse from that 
in the first case, and again slowly reducing the cur- 
rent to zero. This will have given us a complete 
cycle, and the values of the magnetic force and the 
induction will have gone through a series of changes 
which represent their cyclic values. If this process be 
repeated over and over again, we then obtain periodic 
conditions such as occur with alternating currents. 
Professor Ewing has designed an instrument by which 
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such cyclic curves of magnetisation can be drawn. 
The cyclic curve is shown in Fig. 81, and is of im- 
portance because there is a lagging behind of the 
induction relatively to the magnetic force, and this 
causes a loss of energy due to a property which is 
termed hysteresis, and which is dealt with in the 
next paragraph. 

100. Hysteeesis. Electrical energy is momentarily 
expended in energising an electro-magnet, quite apart 
from the constant expenditure of energy in overcoming 
the resistance of the coils. Part, but not all of this 
energy, is given out again on demagnetising the coil, 
in the form of an extra current, which is due to the 
momentary E.M.F. developed by the collapsing lines 
of the field cutting the turns of the coil (§ 67). The 
energy absorbed represents work done by the magnetic 
field of the current, in setting the particles in line 
against inter-molecular friction. 

The definition, tJie lagging of a magnetic effect 
behind its cause, would seem to give a pretty clear 
idea of the phenomenon of hysteresis. Magnetisations 
caused by gradually or periodically increasing currents 
are always less than the magnetisations resulting from 
the same currents applied in a decreasing order. In 
soft annealed iron this molecular friction is very small, 
hence the hysteresis in such iron is small. In iron 
that has been hardened in any way, as by drawing, 
hammering, by the addition of carbon (cast iron), 
chilling, etc., the friction is greater, and in the case of 
glass-hardened steel it is very great — so great, in fact, 
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that it requires a comparatively large magnetising 
force to turn the molecules at all ; but when they are 
once turned, they remain in their new positions, and 
we have permanent magnets. The hysteresis in this 
latter case is enormous. From this it will be seen 
that hysteresis means lost energy. It only becomes of 
importance, however, where the magnetising forces 
vary periodically in strength, as in alternating current 
work. In transformers, such as are used for transform- 
ing alternating currents from higher to lower pressures, 
or vice versd, the phenomenon of hysteresis is very 
marked, and every endeavour is made to reduce it as 
much as possible. 

The case we have been dealing with is more specially 
static hysteresis. There is also a lagging behind of the 
induction relatively to time, and this is termed viscous 
hysteresis. The latter effect is shown by the fact that 
an iron bar does not magnetise up to its full amount 
all at once, the induction creeping up slowly tiU it 
reaches the value it will take for the magnetic force 
applied. 

101. Hysteresis Curve. Fig. 81 shows the shape of 
a curve obtained when a sample of iron is subjected to 
what is called the cyclic process of magnetisation : i.e., 
the exciting current is sent round the coil one way, 
the current being gradually increased from zero to a 
maximum ; then gradually decreased again to zero, then 
reversed and gradually increased, and once more 
reduced to nil ; then again sent in the first direction, 
until an area is enclosed by the curve. The abscissse 
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denote yaluea of H and the ordinatea values of B ; 
values of H to the right of the vertical central line 
being dae to a current in one direction, and values 
to the left of the line to a current in the opposite 
direction. It will be noticed that the induction (B) 
starts at O and rises up the inside curve to its highest 
value ; then H ^ reduced, and B f^Hs along the left- 



Fig. 81. Cyclic Curve cf Uagnetisfttion, or Hjrsteresia Curve. 

hand curve, H having to be reversed in order to bring 
B again to zero. When H ^^^ heen reduced to zero, 
it will he noticed that there is a considerable value of 
B in the iron (as at + B in the figure), which is, in 
fact, the remanence or residual magnetism. When 
the reversal of H has brought B to zero, the value 
of H required is a measure of the retentivenesa or 
coercive force of the specimen. The value of H 
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being continually increased in the opposite direction, 
the polarity of the bar is reversed, and the curve of 
B at last falls to a negative maximum. Now reducing 
H once more, the curve slightly rises to the right 
till it reaches a value where H is again zero, i.c., when 
no magnetising current is passing. The value of B 
at this point ( — B) gives another value for the re- 
manence. Reversing H for the second time, the curve 
rises sharply upwards and cuts the H line, the distance 
between this point of intersection and O being a 
second measure of the retentiveness or coercive force. 
Continuing to increase H , we finally reach a point where 
the curve meets the first portion, and an area is com- 
pletely enclosed. If this cyclic process of magnetisa- 
tion be repeated, the curve would be retraced over 
again. Each time the process is gone through a 
certain quantity of electrical energy is transformed into 
heat, due to the molecular friction or hysteresis of the 
bar. The amount of energy thus absorbed is propor- 
tional to the area enclosed by the curve, and this 
would obviously be greater in the case of a steel or cast- 
iron sample, than with a wrought iron piece. Such 
a curve is called a cyclic B H, or hysteresis curve. 

Fig. 82 shows an actual curve taken from a specimen 
of commercial iron wire in the way described. A coil of 
167 turns (No. 18) was wound on a glass tube into 
which 4 No. 16 iron wires were inserted. The length 
of the coil was nearly 9*5 inches (24*1 cm.), and its 
diameter about 1*27 cm. A set of 16 glow lamps (in 
parallel) and an ammeter were joined up in series with 
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the coil, and connected witli the terminals of a dynamo 
run at a constant speed : a mercury switch in the circuit 
enabled the lamps to be inserted or cut out of circuit 
one by one, and the current strength thus altered; 
these taking the place of if, G, B, and K in Pig. 79. The 




Fig. 82. Hysteresis Curve. (Iron wire sample.) 

current was first gradually increased and then decreased, 
and the result is shown by the curve. The coil and 
wires under test being placed at right angles with the 
magnetic meridian, and with the centre of the coil 
in a line with that of a delicately pivoted magnetic 
needle provided with a long index (as shown in 
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Fig. 79), the tangents of the different deflections were 
taken as being proportional to the values of B ' the 
•ctaal valnes being afterwards calculated from X., 
p« 171« (See Ones. 84, page 187.) By means of the am- 
meter it was ascertained that for each lamp in circnit 
the current was '6 ampere ; thns when five lamps were 
in circuit the current was 8 amperes. Knowing this, 
and the number of turns on the coil, and its length : 
H was found to be 8*38 for every ampere passed through 
the coil. (Formula II. § 96.) The number of lamps 
in circuit (L) is indicated by the lower values along 
the horizontal line: it should be observed that the 
values of H Are directly proportional to these. 

The permeability curve^ or one giving the values of ii 
for each value of B ^or this material, is shown in Fig. 
80, the ordinates being obtained by dividing the 
different values of B l>y the corresponding values of 

H» for fi-> S. From it a good idea can be obtained 

of what is meant by saturation. At about 6,000 lines 
of induction per sq. cm. (B)i the iron reaches its highest 
value of /bk, and beyond this value its specific magnetic 
oonduotanoe or permeability gradually decreases, the 
curve bending downwards to the base line. K B were 
increased to over 40,000, the value of fu would fall to 
about 2. The curves shown in Figs. 81 and 82 refer to 
etatic hystertm : tiscotis hysteresis (already referred to 
at the end of the previous paragraph) is another effect 
which shows that the induction lags behind the mag- 
netic force by an interval of time, but gradually creeps 
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up to its value if the force is steadily maintained 
for a sufficient period. In other words, in making a 
B H or hysteresis test, the area enclosed by the curve 
will be greater if the observations are made directly 
the current value is altered, than if an interval of 
time is allowed to elapse before noting the deflection 
values of the ammeter and magnetic needle. With a 
given iron core magnetised by an alternating current, 
the loss of energy due to hysteresis will be greater the 
higher the frequency of the current (Ohap. XI.). 

There are other methods of measuring B ai^d /a, such 
as by medns of Silvanus P. Thompson's permeameter, 
Kapp's magnetic tester, Ewing's magnetic cycle tracer, 
and his hysteresis measurer. Some of these are briefly 
referred to in the last paragraph. 

The student wiU now be able to understand why it 
is that a law similar to that of Ohm for continuous 
steady currents in a metallic circuit cannot be applied 
in the case of the magnetic circuit. 

r = - is true for any value of e or c, provided the circuit 

does not heat meanwhile : but /i = ^ is only true for par- 
ticular values of B ^^'^ H. Consequently, although 
c = - in all cases, the analogous magnetic formula B = 

T 

H,is only true for a particular value of B, inasmuch 

R 

as the reluctance (R') depends upon B, whereas r is 

quite independent of c in the electric circuit. (§ 96a). 
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102. EzAMPLB IN Magnetic Calculation.^ 

What are the number of ampere-turns required to magnetise 
up to 13)500 lines per square centimetre a soft iron ring, 15 
inches in mean diameter, made of round iron 1*5 inch thick : the 
specific magnetic conductance (permeability) of the iron being 
taken as 900? 

The length of the bar to be magnetised =«* dia.=B'1416xl5 
inches, or 3'1416 x 15 x 2*5 cms. =117*8 cms.=2. 

B =13,500, and fi=900. 

By formula H. (§ 96) H= ^'^y^^ 
where CN are the ampere-turns it is required to find. 
Knowing B and /ia, we can find H, for H =— • 

ThusH=i^=15 

/. (by above formula) 15=?^^I^ 

CN=y^|^=1406 ampere-turns. 
1-257 

103. Other Methods of Testing Ibon, etc. 

Other methods of testing iron depend upon the 
pull exerted between two bodies, between which there 
is a slight difference of magnetic potential. A flux 
through the joint is expressed in lines of induction per 
square centimetre, B ; the total flux will be B x «, 
where 8 is the total cross sectional area in square cms. 

^ Problems of this kind involve an immense amount of labour 
if worked out by ordinary multiplication and division. The 
reader is strongly advised to learn the use of tables of log- 
arithms, which can be easily mastered: by their means such 
calculations as the above are greatly facilitated. Slide rules 
are also handy for carrying out arithmetical calculations, and 
present few difficulties in their application. 
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Then the force in dynes by which they are attracted 
together will be : — 

°. dynes. 

To reduce to pounds, divide by the number of 
grammes in a pound, and by the value of jf^: thus 
the total pull in pounds is : — 



B'« _ B^s 



lbs. 



Stt X 453-6 X 981 11,183;00D 

Having measured the force in pounds and the area, 
the induction can be calculated. This is the principle 
of Hopkinson's arrangement, and of Kapp's modifi- 
cation of and the original Thompson permeameter. 
Hughes, in his earlier experiments, balanced the mo- 
ment of the electro-magnet (whose core of iron was 
being tested) by a large permanent magnet, which 
could be adjusted so as to bring a magnetic needle 
between the two to zero. The different ballistic methods 
depend upon the measurement of the induced quantity 
of electricity flowing round the circuit, on the reversal 
or change in the value of the current through the 
exciting coil : the quantity of electricity being propor- 
tional to the change in the induction. In practice, 
the ballistic method, with various modifications, has 
been largely used. Ewing's magnetic tester measures 
hysteresis directly, by the force exerted on a per- 
manent magnet when the iron to be tested is rotated 

^ g is the value (in d3n3es) of the gravitating force of unit 
mass (one gramme). It is equal to 981 dynes in England. (§ 7.) 
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between its poles. Dr. C. V. Drysdale has recently 
invented a most practical form of permeameter, with 
which any piece of iron or steel, no matter what its 
bulk or shape, may be tested. 

Though this is probably the most difficult chapter 
in the book, it is certainly one of the most important, 
and should be carefully studied.^ 



CHAPTER VI.— QUESTIONS. 
In answering these queAione^ give sketches wherever possible, 

*1. Describe some method of roughly ascertaining the mag- 
netic qualities of some given samples of iron and steel; as 
regards their susceptihility to magnetisation, and their reten- 
tiyeness. 

*2. Define: remanence, retentiyeness, free magnetism, and 
magnetic conductance. 

*3. In choosing metal for a dynamo field magnet, and for a 
large electric bell, would it matter if that selected had slight 
retentiveness ? 

*4. What is the magnetic difference between cast iron and 
wrought iron ? 

6. Distinguish between the electric and magnetic circuits, 
and show how they interlink. 

6. Distinguish between paramagnetic and diamagnetic bodies, 
and between lines-of-force and lines-of-induction. 

7. Show how a law, similar to that of Ohm, may be applied 

^ For extended treatment of the subject of magnetic testing 
the student should consult Ewing*s Magnetic Induction in 
Iron and other Metals, and S. P. Thompson's Electro-magnet, 
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to the magnetic circuit : and show also that it is only roughly 
correct. 

8. Compare the leakage in a magnetic circuit with that in 
an electric circuit composed of an hermetically sealed hattery, 
and a naked wire immersed in mercury. 

9. Define : magneto-motive force, reluctance, induction, per- 
meahility, and magnetic potential. 

10. Given hars of soft iron, cast iron, soft steel, and hardened 
steel ; arrange them in their order of goodness under the follow- 
ing heads : — Permeance, Ketentiveness, Beluctance. 

11. What is meant hy saying that the permeability of soft 
wrought iron is greater than that of cast iron ? 

12. Define', unit magnetic pole, unit current, ampere, ampere- 
turns, magnetic force. 

13. For what pui^pose are " curves " used by the engineer, and 
how are they plotted ? 

14. What magnetic quantities are denoted by the symbols 
H, B, and /i ; and how are they related to one another ? [Ord. 
1895.] 

15. What is a ^' curve of magnetisation " ? 

16. State in your own words what you understand by the 
term " magnetic permeability." 

17. A certain coil of wire carries a constant direct current : 
how would you ascertain the value of H ? 

18. What is the magnetic field at the centre of a long solenoid 
of 250 turns, 3 feet long, and 2 inches in diameter; when a 
current of 5 amperes is passed through ? 

19. If you knew any two of the three quantities B, H, or /x, 
how would you find the third ? 

20. You are requested to report on some samples of iron 
furnished to you as intended for electrical engineering purposes. 
State the experiments you would make, and what special quality 
you would desire to find present, in order to approve of a sample 
as good. 

^. You are given several samples of wrought and cast iron. 
How would you proceed to test them, to ascertain which is most 
suitable for making the field magnets of a small dynamo? 
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22. Distiiigaisli between permeability and misceptibility. 
28. Sketch apparatns wbicb might be nsed to ascertain tbe magnetic 
qnality of iron. 

24. A dosed soft iron ring, 100 centimetres mean circumference and 5 sq. 
centimetres cross section, is nniformly wonnd with 200 tnms of insnlated 
wire. Suppose yon haTC found that the following relations exist in iron of 
this qnality : — 

B»10,200 12,000 13,700 

fi » 2,000 1,500 1,000 

Calculate the current C, at which the total flux of magnetic lines is 65,000 
C.G.S. lines. [Ord. 1892.] 

25. Calculate the number of ampere-turns of excitation required to 
magnetise up to 14,000 lines per square centimofre, a soft iron ring, 20 inches 
in mean diameter, made of round iron 1 inch thick. [Assume permeability 
=800.] [Ord. 1894.] 

26. Distinguish between the energy absorbed in energising an electro- 
magnet, and that giyen out on demagnetisation. 

27. Explain briefly the reason why reversing the direction of magnetisation • 
of a piece of iron requires a certain expenditure of energy. 

28. What do you xmderstand by the term hysteresis ? 

29. DiBtingnish between static and viscous hysteresis. 

30. Sketch the general form of a curre connecting magnetic force (H) and 
magnetic induction (B), when taken round a complete cycle. 

31. Show the general form of a permeability curve for iron. 

32. Evolve formula X., § 97, from the preceding formulae IV., IX., YIII., 
and VII. 

33. Show that:— 

4ir d3 H tan A . - .^ .-,. 
+ 1 (X., p. 171) 

VH 

- ^^ <^* H tan A ^ ^ ^^.^^ jj ^^^ yj jj (§ § gg ^nd 97.) 
1-257CNS 

: both these being values for /». 

-I. . «, , . » 4T (£3 H tan A . , ,^ ,^ ^ 

34. Show that B = + H. (§ 97.) 

35. What is the rule for calculating the " intensity ** of the magnetic field 
in the middle of a long tubular solenoid ? If the winding is uniform all 
along, what is the intensity of the field at the open ends as compared with 
that in the middle ? Where must an iron bullet be placed so that the force 
exerted on it by the solenoid sliall be a maximum ? [Ord. 1896.J 
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CHAPTER Vn. 

The figures refer to the numbered pctragraphe. 

Electrical Measurements, 105. The Board of Trade Standards, 
106. Test Boom Standards, 107. Standard Besistance Coils, 
108. Besistance Coils, etc., 109. Measurement of Besistance by 
Substitution, 110. Measurement of Besistance by the Differ- 
ential Galvanometer, 111. The Wheatstone Bridge, 112. The 
Slide- Wire or Metre Bridge, 118. Comparison between the 
Wheatstone and Slide- Wire Bridges, 114. Potentiometers, 
115. Galvanometers, 116. The Ordinary Detector, 117. The 
Astatic Detector, 118. The Beflecting Galvanometer (Moving 
Magnet), 119. The Beflecting Galvanometer (Moving Coil), 
120. Galvanometer Lamp and Scale, 121. The Tangent Gal- 
vanometer, 122. Portable Testing Set, 128. The Ohmmeter, 
124. Measurement of E.M.F. or P.D., and Current, 125. Cardew 
Voltmeter, 126. Ayrton and Perry's Twisted Strip Voltmeters 
and Ammeters, 127. The Cell Tester, 12a Kelvin Electrostatic 
Voltmeter, 129. Swinburne's Electrostatic Voltmeter, 180. The 
Multicellular Electrostatic Voltmeter, 181. Ayrton and 
Mather's Electrostatic Voltmeter, 132. Swinburne's " N " type 
Voltmeters and Ammeters. 188. Swinburne's "U" or Inductor 
type Instruments, 184. Evershed's Gravity Voltmeters and 
Ammeters, 185. Modification of Instruments for Alternate 
Current Work, 186. Ayrton and Perry's Spring Ammeter, 187. 

Paterson and Cooper's " Phoenix " Ammeter and Voltmeter, 188. 
Atkinson's Ammeters and Voltmeters, 188a. Simple Gravity 
Ammeter, 189. Holden, Drake, and Gorham Ammeter, 140' 
Schuokert Voltmeter, 141. Walsall Instruments, 142, Davies' 
Voltmeter, 142a. Weston Ammeters and Voltmeters, 142b. 
Lord Kelvin's Electric Balances, 148. Siemens' Electro-dyna- 
mometer, 144. Wattmeters, 145. Siemens' Wattmeter, 146. 
Swinburne's non-inductive Wattmeter, 147. Becording Am- 
meters and Voltmeters, 148. Summary, 149. Questions^ page 298. 
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* 105. Electrigal Msasubements. The prinoipal 
electrical measurements with which the elementary 
student has to deal are those of E.M.F. and P.D., 
current, resistance, power, energy, magnetic induction, 
and permeability. The last two are, strictly speak- 
ing, magnetic measurements, and were dealt with in 
the previous chapter. In accurate measurements, it 
is essential to have standards of E.M.F. (or pressure) 
and resistance, which shaU have a known 'value in 
volts, or ohms, at a given temperature; and which 
shall not vary to any great extent with change of 
temperature, or at least, the variation must be known. 
A standard of current is also convenient. These 
standards are considered in the following paragraphs. 

106. Thb Board of Tbadb Standards. These are the 
legal standards in Great Britain, and all sub-standards used by 
the various firms for the graduation of instruments for ordinary 
use should be compared with them. These standards were 
legalized on the 23rd August, 1894, and are kept at the Board 
of Trade offices. 

Following are their official definitions : — 

(a) Standard of Rbsistancb. 

" A standard of electrical resistance denominated one ohm 
being the resistance between the copper terminals of tJie instru- 
ment marked " Board of Trade Ohm Standard Verified 1894 " 
to the passage of an unvarying electrical current when the coil 
of insulated wire forming part of the aforesaid instrument 
and connected to the aforesaid terminals is in aU parts at a 
temperature of 15'4C.'* 

(6) Standard of Current. 

*^ A standard of electrical current denominated one amper 
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being the current which is passing in and through the coils of 
wire forming part of the instrument marked " Board of 
Trade Ampere Standard Verified 1894 *' wTien on reversing the 
current in the fixed coils the change in the forces acting upon 
the suspended coil in its sighted position is exactly balanced 
by the force exerted by gravity in Westminster upon the 
iridio-platinum weight marked A and forming part of the 
said instrum^nt.^^ 

(c) Standard op Pressure. 

"^ standard of electrical pressure denominated one volt 
being one hundredth part of the pressure which when applied 
between the terminals forming part of the instrum,ent marked 
" Board of Trade Volt Standard Verified 1894," causes that rota- 
tion of the suspended portion of the instrum^ent which is exactly 
measured by the coincidence of the sighting wire with the 
image of the fiducial mark A before and after application of 
the pressure, and with that of the fiducial mark B during the 
application of the pressure, these images being produced by 
the suspended mirror and observed by means of the eyepiece.^^ 

The standard of resistance is a special coil of platinum-silver 
wire, which at a temperature of 15'4*'C, offers to a steady current 
a resistance which is called one ohm. 
ITie standard of current is given as follows : — 
A certain balance, similar to a very delicate chemical 
balance, with a beam 16 in. long, has suspended from one arm 
a scale-pan, and from the other a scale-pan and a circular coil 
of wire hung by three gilded phosphor-bronze wires. The 
current is led into and out from this movable coil by means of 
spiral wires so arranged as to impede the motion of the coil 
as little as possible. The movable coil hangs within a fixed 
marble cylinder supporting two coils, one above and the other 
below the level of the movable coil. From what is said in § 143, 
it is evident that when current is sent round the suspended 
coil in one direction, through the lower fixed coil in the same 
direction, and through the upper fixed coil in the opposite 
direction, the movable coil will be repelled by the upper fixed 
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coil and attracted by the lower one, this force being pro- 
portional to the square of the current. If the current in the 
fixed coils is reversed, the movable coil will tend to move 
upwards. Thus^it is that the current can be measured by the 
weight required to be put into the scale-pan in order to keep 
the beam of the balance in its horizontal position. There is a 
certain irldio-platinum weight marked A, of such a mass that 
when it is put into the scale-pan on the same end of the beam 
as the coil, a current (passing round the coils) the effect of which 
exactly counterbalances it under certain conditions is equal to 
one ampere. 

The method of using the instrument is as follows. As we 
have said before, there is a scale-pan at each end of the beam. 
Call the one at the same end as the coil SO, and the other S. 
An approximate current of one ampere is passed through the 
coils in such a direction that the movable coil is drawn down- 
wards, and this force is counterbalanced by placing weights in 
the scale-pan S. The current is then adjusted to the value of 
one ampere, as indicated by an auxiliary instrument (which is 
known to be fairly correct), and the balance is exactly adjusted. 
A switch which reverses the current in the fixed coils is then 
operated, the movable coil thus tending to move upwards ; but 
at this moment the weight A is lowered by a special device 
into the scale-pan SC. If on doing this the balance is still 
exactly maintained, the current is one ampere. 

The standard of pressure is one hundredth of the 100 volts 
as indicated by a specially designed multicellular voltmeter, 
an ordinary type of which is illustrated and described in § 131. 
This special instrument has ten vanes suspended by an iridio- 
platinum wire 18 cm. long. The movable portion carries a 
concave mirror, and the zero and standard deflectional positions 
of the vanes are indicated by the reflection of certain lines 
(fiducial marks) on fixed portions of the instrument, the re- 
flection being observed by a telescope fixed to the stand. 
Before taking a reading, the vanes and quadrants are connected 
together to neutralize any existing P.D. between them, and the 
vanes are carefully adjusted to the zero position, as indicated by 
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the sighting of the zero fiducial mark by the telescope. Pres- 
sure is then applied and adjusted until the vanes have steadily 
taken up that position which enables the second fiducial mark 
to be seen. If this position is maintained, the P.D. between the 
vanes and the quadrants is exactly 100 volts. 

107. Test Room Standabds. For general test-room 
work it is necessary to have fairly reliable and in- 
expensive (Standards. Standards of resistance are easily 
constructed (§ 108). A standard of pressure is obtain- 
able from the well known Clark standard cell, which 
gives an E.M.F. of 1-434 volts at 15° 0. (59° F.): this 
should only be used on open circuit, or with high re- 
sistances in circuit. There are also various forms of 
the Daniell cell used as standards. As a standard 
of current, it is convenient to remember that one 
ampere will deposit silver in a properly constructed 
voltameter at the rate of '001118 grammes per second. 

 108. Standard Eesistancb Coils. Standard re- 
sistance coils have some known value in ohms at 
a given temperature, and are generally made of 
manganin, platinoid, platinum'sUvery or german silver ^ 
wire covered with white silk. Manganin wire is suit- 
able for most coils, as it has the highest specific 
resistance, and changes the least with change of 
temperature. The wire is previously baked in an 
oven and boiled in paraffin wax, to get rid of moisture 
and improve the insulation of its covering. 

It is important that resistance coils for measure- 
ments should have no inductance, and it will be clear 

^ For composition of alloys, see § 21. 
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that by doubling the wire upon itself (Fig. 83), each 
half of the coil neutralises the 
other's magnetic effect, and conse- 
quently there is no self-induction 
or inductance. The coil is wonnd 
upon a bobbin, and after being 
again dipped in paraffin wax, is 
enclosed in a brass case, the ends 
of the coil terminating in thick 
copper legs (Fig. 84). Only com- 
paratively small currents must be 
passed through standard resistance 
coils, else the heat evolved will alter the resistance of 



Fig. 81. Stajidurd BesiBtauoe CoiL 
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the coU. In the form shown, the wire (of platinnm- 
silver) is wound in a i9at doable spiral, and enclosed 
in a thin, flat, watertight box, so that it may be im- 
mersed at one level in a water bath. The coil qnickly 
takes the temperature of the water, owing to the large 
snrface exposed, and its flat shape. The coil is correct 
at a certain temperature, generally 15° C, and the tem- 
perature is shown by the thermometer, whose bnlb is 



Fig. 85. Besiat&noe CoiU. 

in the coil. To prevent surface leakage between the 
copper arms, a oup to contain paraffin is formed at 
the top of the brass case. 

* 109. SesisTAifOE Con.8, etc. Resistance coils for 
ordinary measarementa are made of one or other of the 
above-mentioned wires, and are generally mounted in 
boxes as shown in Figs. 86 and 91. The brass blocks 
BBB are in connection with the coils through the 



§§109,110] MEASUREMENT OF RESISTANCE. 



195 



wires WWW. By means of the brass plugs PP, any 
coil can be inserted or cut out from the circuit at will. 

It is often required to insert resistances in a circuit 
for the purpose of absorbing power or cutting down 
the current. It is seldom necessary to know their 
exact value, but they must be capable of adjustment 
to higher or lower values. Coils of iron wire, in- 
candescent lamps in parallel (§ 101), carbon or lead 
electrodes dipping into dilute sulphuric acid, etc., are 
useful for this purpose. 

* 110. Measurement of Resistance by Sdbstitu- 
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Fig. 86. Measurement of Besistance by Substitution. 

TioN. This method of measuring resistance, otherwise 
known as the reproduced deflection method^ is as 
follows: — G (Fig. 86) is a fairly sensitive galvano- 
meter, R a resistance box, x the resistance to be 
measured, S two-way switch, K key, B a constant 
battery of 2 or 3 Daniell cells, and r an adjustable 
resistance shunting the galvanometer, by means of 
which the sensibility of the latter may be varied. 
This shunt r may be removed by depressing the top 
contact hey Tc. 
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Place the switch /S so as to include the unknown 
resistance x in circuit. Depress the key K, and alter 
the value of the shunt r until a convenient deflection 
of G is obtained. If a? is small and the current flowing 
round the circuit consequently great, r must be small, 
otherwise too much current will go through the 
galvanometer, and the needle move too far. On the 
other hand, if x has a high resistance the current will 
be proportionally small, and it will be necessary to 
increase r so as not to shunt too much current from 
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Fig. 87. Measurement of Besistance by the Differential 

Galvanometer. 

the gal v., or to cut r out altogether by means of the 
key Jc. When r is adjusted, note the deflection on G. 
Now put R in circuit, and alter its value until the 
same deflection is obtained on 6r, without altering r or Jc. 

Then: — x = R, 

* 111. Measubement op Resistance by the Difpeb- 
ENTiAL Galvanometer. In Fig. 87, (? is a differential 
galvanometer, i.e., one wound with two separate coils 
of equal length and resistance. "With such, a current 
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in one coil will not affect the needle if at the same 
time a current of equal, value is passing through the 
other coil in the opposite direction. J5 is a battery, 
(three or four Leclanche cells for instance), K a key, E 
an adjustable known resistance, and x the unknown 
resistance. Depress K and adjust R until no deflection 
is obtained on the galv. Call one of the galvanometer 
coils c, and the other c\ Then because each circuit 
B, c, R, and B, c\ a?, has a common E.M.F. due to B ; 
and because equal currents are flowing round both 
circuits (otherwise the galv. would give a deflection) ; 
the resistance of each circuit must be equal, by Ohm's 
law. The internal resistance of Bj being common to 
both circuits, may be neglected. 

Then since c + E = c' + a? 
and c = c' 

The methods of measuring resistance described in 
this and the preceding paragraph are frequently em- 
ployed in practice for ordinary testing purposes : and, 
with skilled observers, give accurate results. 

* 112. The Wheatstone Bridge. The principle of 
the Wheatstone bridge is as follows. If, as in Fig. 88. 
a current divides at A between the two branches 6 x 
and a i?, reuniting at 5 ; it follows that no matter what 
may be the relation between the resistance oib + x and 
a + Rj there must be an equal fall of potential along 
the paths AhxB and Aa R B. If a galv. O be con- 
nected at a point (7 in 6 a?, then by experiment a point 
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Din aR may be found such that no deflection is given 
on the galvanometer, and it. then follows that the 
points C and D are at equal potentials. This being the 
case, if it is known that : — 

6 + a; = a + i?, 
then 6 = a 
and x=^R, 

In any case it follows that : — 

hiav.xiR. 






Fig. 88. Diagram illustrating the principle of the Wheatstone 

Bridge. 

Fig. 89 illustrates diagrammatically the arrangement 
of a Wheatstone bridge, a, 6, and R are sets of resist- 
ance coils, and x is the resistance to be measured, a 
and 6 are called the raiio arms of the bridge, and are 
either equal or bear some decimal proportion to each 
other, (r is a galvanometer, Batt. a battery, and O K 
and B K keys in the galvanometer and battery circuits 
respectively. R is adjusted until, on depressing the 
keys, no deflection is obtained on the galvanometer. 
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Then if a and h are equal, 

Otherwise as : — a\h:\Eix 

a 
Fig. 89 should be compared with Fig. 88, the ar- 




B 
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Fig. 89. The Wheatstone Bridge. 

rangement, lettering, and explanation being similar; 
except that in the latter case O is connected with fixed 
points in the circuit. 

The resistance to be measured generally has some 
inductance, especially if it be an electro-magnet ; so to 
prevent the induced momentary E.M.Fs. due to this 
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from disturbing the proper action of the galvanometer, 
a key is inserted in the galvanometer circuit, as well 
as in the battery circuit, these being shown a,t G K 
and BK in Figs. 89, 91, and 92. In making a test, 
the battery circuit should be closed before and broken 
after the galvanometer circuit. . 

Keys have been devised which only require one 
motion to effect these connections in their proper order. 
Such a key is known as a double-contact or successive- 
contact key, and is diagrammatically represented in Fig. 
90, which clearly shows how it would be joined up in 
the Wheatstone Bridge circuit (Fig. 89). i is an in- 
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Fig. 90. Successive-Contact Key. 

sulating knob which prevents contact between the two 
keys. 

Fig. 91 represents a form of Wheatstone bridge 
apparatus. In portable testing sets (§ 123) the gal- 
vanometer is frequently included in the case that car- 
ries the coils. For laboratory work the galvanometer 
is generally more sensitive, a mirror instrument being 
used in such cases. Any fairly sensitive galvanometer 
will do for ordinary measurements, as it is only re- 
quired to prove the equality of pressures at its termi- 
nals, i.e, the absence of a current through it. 

In Fig. 91 it will be noticed that two separate keys 
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are used instead of a double-contact key (Fig, 90), and 
this is the common practice. The right and left band 
keys correspond with B K and G K respectively (Figs. 
89, 90, and 92). The six back plugs represent the 
arms [a and h) of the bridge, three on one side and 
three on the other, while of the remainder 16 represent 
resistances in E, and 2 are disconnecting plugs. 
The arrangement of the resistance coils will be seen 



Fig. 91. Wheatstoae Bridge (Poet Office patteru). 

from Fig. 92 ; but some boxes have less and some more 
coils, and their arrangement and resistance values also 
vary in different makes. 

Fig. 92 is virtually apian of Fig. 91, with the outer 
connections shown. It should be compared with Fig, 
89. It will be seen (Fig. 92) that there are two plug- 
holes marked inp. (Infinity). There is no wire con- 
nected across these, and consequently parts of the 
bridge may be entirely disconnected from one another. 
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Sometimes a reversing switch is put in the battery 
oircoit, but this is not essential in ordinary measure- 
ments. 

The common forms of Wheatstone bridge may be 
used to measure resistances from fractions of an ohm 
up to values approaching a megohm : the best range 
being from say 1 a> to 100,000 ©. 

113. The Slide-Wire oe Metre Bridge. The alide- 




Fig. 92. Arrangement of Coils in Wheatstone Bridge. 

wire or metre bridge is the same in principle as the 
Wheatstone bridge. Referring again to Fig. 88, if one 
end of the galvanometer circuit be fixed at any point 
C mbx, a point D may be found in a i?, such that the 
potentials at G and D are equal, as indicated by the 
non-deflection of the galvanometer. 

Then: — a : b::li : x 

Suppose & is a known resistance, x the unknown 
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resistance, and aR b. stretched wire of uniform resist- 
ance whose value need not be known : then if the galv. 
is permanently connected at C, while its other end D is 
capable of being slid along a JB, a point D will be found 
where balance is obtained. Then a and E being parts 
of one uniform wire, their resistances must be pro- 
portional to their lengths, so that it is only necessary 
to know the lengths A D and D B when balance is 
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Fig. 98. Diagram of the Slide-Wire Bridge. 

obtained. This is the principle of the metre bridge, 
and is more clearly indicated in Figs. 93 and 94. 

Fig. 93 shows diagrammatically the construction of 
the ordinary form of slide-wire bridge, a 22 is a uni- 
form wire, generally, but not necessarily, one metre 
long. This wire is made of platinum, or better still, of 
platinum-iridium, which alloy is harder and more able 
to withstand wear, a J? is stretched alongside a scale 
S, and connected at its ends to two massive copper 
strips cc; other copper strips c'c'c' are arranged as 
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shown, and the whole is mounted on a long mahogany 
base. The copper strips carry the various terminals. 
One end of the galv. G is connected with the centre 
terminal at C, and the other with a special form of 
gliding key G -ff, which may be slid along the scale S, 
an(i depressed to make contact at any point D in aR. 
The battery and battery key BK are connected, as 
shown, to the terminals at A and B. 

The simplest method of using this apparatus is as 
follows : — short-circuit those terminals between which 
a' and R are connected (Fig. 93); insert a known 
resistance at 6, and the unknown resistance at x, h 
being approximately equal to x : manipulate the slid- 
ing key G K until the galv. gives no deflection, when 
B K and G K are successively depressed. 

Then : — a : 6:: J? : a? 

i.e. x= — h (ohms). 

The wire a R being uniform, the comparative resist- 
ances of the lengths on either side of the point D 
where G K makes contact, may be expressed by the 
lengths (say in cms.) of a and R as shown by the 
scale. 6, which is generally a standard resistance 
coil, is expressed in ohms ; and the value obtained {x) 
will therefore be in ohms. 

A better and more accurate method of using the 
apparatus is to insert known resistances at a', 6, and jB', 
the unknown resistance at oj, and proceed as before. 
a! and R should have about the same value, if 6 can be 
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made approximately equal to x. Then when balance 
is obtained :— 

a + a' : b::R-\- R : X 

{R-^R) 



t,e. x = 



a + a 



b (ohms). 



6 is expressed in ohms, and a, a\ R, and R in cms., 
the values of c^ and R (in terms of the number of cm. 
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Fig. 94. Comparison between Wheatstone and Slide- Wire Bridges. 

divisions along the wire a R to which their resistances 
are equal) having been previously found, a' and R 
are, in fact, merely prolongations of the arms a and R, 
114. Comparison between the Wheatstone and 
Slide-Wiee BBmaES. The difference between the 
Wheatstone and slide-wire bridges is briefly as 
follows. Referring to Fig. 88, in the Wheatstone 
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bridge the galvanometer is connected to two fixed 
points C and D ; and b, /7, and R are adjustable resist- 
ances. In the slide- wire bridge the galvanometer is 
permanently connected at C only, b being generally 
a fixed resistance, and a R wholly or partly a stretched 
wire with which the galvanometer makes contact at 
some point Z>. 

This comparison between the two bridges will be 
better understood firom Fig. 94, which represents the 
slide- wire bridge set out diagrammatically to correspond 
with Fig. 89. aR is the stretched wire, and a' If 
the resistances which are sometimes dispensed with. 
Figs. 88, 89, 92, 93, and 94 all have the same parts, 
which are similarly lettered, and they should be care- 
ftilly compared one with another. 

115. Potentiometers. There are a number of in- 
struments of various patterns for measuring £.M.F., 
PJ)., and current, whose action depends upon the fact 
that there is a uniform fall of electrical pressure or 
potential along a conductor of uniform resistance. 
Such are cailed potentiometers. 

POTENnOMETSB MeTHOD OF MEASUKIKa E.M.F. AB 

(Fig. 95) is a wire of uniform material and cross section, 
its resistance will therefore be uniform and propor- 
tional to its length. It should be of platinum-iridium 
or manganin. A scale is fixed alongside AB so that 
the distance of any determined points in the wire firom 
either end may be at once ascertained. 6 is a gal- 
vanometer, S a suitable standard cell of known E.M.F., 
K a tapper key which may be slid along A B^ 8w a 
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two-way switch or key, and x the battery whose 
E.M.F. is required. 

A current is sent along A B from some convenient 
source (such as a secondary battery), and a constant 
fall of potential maintained along it. Sw is placed so 
as to connect Q with aj, and K is slid along A B until a 
point K is found, such that there is no deflection of G : 
then we know that the tendency of the P.D. between 
K and B (due to the current in J. B) to send a current 
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Fig. 95. Potentiometer method of measuring KM.F. or P.D. 

round the bye circuit KxOB is exactly balanced by 
the E.M.F. of x. In the same manner, 8w being placed 
to connect O with S, a point K is found with the same 
key, such that the P.D. between K and B is exactly 
counterbalanced by the known E.M.F. of S. 

It then follows that : — 

Known E.M.F. S : unknown E.M.F. x :: P.D. KB : 
P.D. KB. 

But P.Ds. along A B are proportional to lengths 
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Therefore : — 

Six:: length KB : length KB 

i.e. X = ^==f-^ S (volts.) 
KB and KB being expressed in cms., and S in volts. 

POTBNTIOMETEB MeTHOD OF MEASURING CuREENT. 

For the measurement of current the arrangement of 
apparatus is as shown in Fig. 96. AB v& the potentio- 
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Fig. 96. Potentiometer method of measuring Current. 

meter wire as before. J5 is a platinoid strip of known 
resistance R (ohms), and of sufficient cross section to 
carry the current to be measured without heating ; 
the current-carrying circuit being connected to the 
terminals TT. 6 is a galvanometer, S a standard cell 
of known E.M.F., K a sliding key, and Sw a two-way 
switch or key. 

When the current to be measured flows along 22, 
there is a greater or less P.D. between its ends, and this 
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is balanced against the fall of potential in -4 B by 
means of the sliding key K and the galv. G ; the 
switch Sw being on the lower contact. Now put S in 
the galvanometer circuit by means of Sw^ and find a 
point K with the same key, such that P.D. between 
KB balances the E.M.F. of S. 
. Then it follows that : — 

P.D. on R : E.M.F. S:: length KB : length KB 

t.e. P.D. on iJ = ^ S (volts.) 

KB and KB being expressed in cms., and S in volts. 

The resistance of R being known, the current 
flowing through it can at once be ascertained, for : — 

Current in i2 = M.^iP2t?2M^g^ (§§31,47) 

Resistance of jB. 

Thus :— 

Current in jB= =^r — =^. ^ (amperes.) 

KB X R (ohms) -^ 

The wires from the galv., switch, and sliding key 
should be so connected to TjT that any possible bad 
contact between the main leads and the terminals 
TTmay not be included in the potentiometer circuit. 

In comparing the two methods, it should be ob- 
served that the current-carrying strip R in the test for 
current takes the place of the battery x in the test for 
E.M.F. 

* 116. Galvanometers. Of these there are many 
different kinds. Without entering into a full discus- 

p 
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Bion of the various principles on which they are con- 

stmcted, it must suffice to explain briefly five typical 

varietiea : — 

(a) The ordinary detector. 

(&) The astatic detector. 

(c) The moving-magnet galvanometer 1 '"^"Y- °^ 

(d) The movinc-coil galvanometer f , * 

' galvanometers. 

(e) The tangent galvanometer. 

 117. Trb OEDraxBT !Detector (Fig. 97). This 



fig. 97. Ordinary Detector. 

consists of a vertical magnetic needle mounted on a 
horizontal spindle which carries at one end the 
blackened brass pointer seen in front of the dial. The 
needle is surrounded by a coil of wire whose ends are 
joined to the terminals on the top of the case. 

Sometimes two separate coils of wire are wound on 
the instrument, one having few turns of comparatively 
thick wire, and the other many turns of fine wire (for 
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reasons given in § 86). In this case the detector has 
three terminals, the ends of the short coil being usually 
joined np to the terminals 1 and 2, and those of the 
long coil to terminals 2 and 3 : or one end of each of 
the coils is joined np to one terminal, and the other 
ends of the two coils to the other two terminals. 

Sooh an instrument as this is invalnahle for 
numerous rough tests for continuity, breaks, short- 
circuits, etc., and for ascertaining the condition of 
batteries. 

* 118. The Astatic Detector (Fig. 98). As its 



Fig. 9S. Astatic Detector. 

name indicates, this has two magnetic needles ar> 
ranged astatically, t.e., parallel with each other and 
with unlike poles opposite. These needles, and the 
pointer seen in front of the dial, are mounted on a 
vertical spindle turning in jewelled centres. One of 
the needles is within the coil, and the other between the 
top of the coil and the dial. Two terminals mounted 
on ebonite blocks on the outside of the case are con- 
nected with the ends of the coil. Although the needles 
are astatically arranged, they are not equally mag- 
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Detisdd, and therefore not perfectly astatic, so that the 
Earth is able to exercise sufficient force to keep them 
in the north and south direction when no current is 
passing. 

This instmment is often wound to a resistance of 
about 1,000 <k>, so that it has some thousands of 



Fig. 99. Eeflecting or Mirror GalvanometCT, 

tarns of wire on its coils : this, and the delicacy with 
which the needles are pivoted render the instmment 
sensitive to small currents. It is suitable for rongh 
Wheatstone bridge tests, and could be used in the 
substitution method of measuring resistances. When 
wound with two coils, it forms a handy differential 
galvanometer of fair accuracy. Being very portable, 
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it is specially adapted for outdoor testing, and is 
generally provided with a leather case and strap. 

* 119. The Reflecting Galvanometee (Moving 
Magnet). One of the numerous forms of this instru- 
ment is shown in Fig. 99. Fig. 100 shows, enlarged, 
the movable portion carrying the mir- 
ror M by which the beam of light 
thrown from a lamp is reflected back 
on to a scale. Thus the very slightest 
movement of M results in a percep- 
tible deflection of the spot of light on 
the scale, which may be 3, 4, or more 
feet distant from the galvanometer. 
The reflected beam of light acts as a 
long weightless pointer. 

Referring again to Fig. 100, AW i^ 
an aluminium wire which carries the 
two compound magnetic needles SN^ 
NS, (which it will be noticed are 
astatically arranged), the vane V of 
aluminium foil, and the mirror M. 
A W hangs from a thumb-screw 2 S 
by a very fine fibre F of cocoon silk. 

The top and bottom coils (Fig. 99) are made in two 
halves, and mounted on hinged frames ; which arrange- 
ment enables the needles, etc., to be easily got at for 
inspection or adjustment. There are thus really four 
coils, which are connected up in series to the two 
terminals. The instrument requires carefully level- 
ling, that the needles and vane may hang quite clear ; 
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this operation is easily effected if the coil frames be^ 
opened out to allow the BUspension to be seen. When 
the instniraent is set up, V tarns iu a small and almost 
airtight chamber, so that it "damps" or retards the 
oscillations of the galvanometer needles. 

Such a galvanometer as this is well suited for 
Wheatstone and metre bridge, and potentiometer tests. 



Fig. 101. EoMen-D'ArsouTltl Galranometer. 

• 120. The Eeflecting Galvanometbh (Movtnq 
Coil). A useful form of this class of instrument is that 
known as the HoMen-D'Arsonval Galvanometer, which 
is shown in the followiDg figures.' The principle of 
moving- or suspended-coil galvanometers is very much 

1 the EUc- 
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the same as that of an electric motor, except that there 
is no commutator or brashes. If a coil of wire is 
placed in a magnetic field, and a current is sent through 
the coil, the latter will tend to move round in the field 
in a direction depending on the direction of the current 
and of the field (Chap. Xm.). 

The galvanometer with cover removed is shown in 
Fig. 101. A front elevation is given in Fig. 102, a 



Fig. 102. Holden-D'Areonval GalTanometar (BlevaCion). 

plan in Fig. 103, while the coil and frame are shown 
separately in Fig. 104. 

Jtf is a circular compound permanent magnet, in the 
field of which is slung the coil C by the flat phosphor- 
bronze wires W + and W — . These wires serve also 
to lead the current into and out from the coil : the 
ends are held fast by suitable pinching nuts at top and 
bottom, and the tension may be adjusted by means 
of the screw S. The coil C, of several turns of fine 



216 ELECTEW LIGSTING, ETG. [chap. tii. 

wire, 18 wound on a light silver frame F (Fig. 103), 
which, forming a closed circuit of little resistance, tends 
to damp the oscillations of the coil ; for while the coil 
is moving, currents are induced in this frame, which 
in accordance with Lenz's law (§ 65), tend to stop the 
'motion producing them, though of course this induc- 
tive action, being only momentary, does not affect the 
ultimate position taken up by the coil. The flat strip 
or wire suspension tends to keep the coil with its plane 



Fig. 108. Holden-D'ArBonval Galvutometar. (Plan.) 

parallel with the field, and it is against the torsion of 
this strip that the coil is deflected. M (Figs. 102 and 
104} is the mirror whereby the movements of the coil 
are shown on a scale, in the manner described in the 
preceding paragraph. 10 is a soft iron core by which 
the field of the magnet is concentrated. By loosening 
the screw S', and releasing the wire W, which is con- 
nected with one of the terminals, the coil, frame, and 
core may be removed bodily from the main portion of 
the instrument (Fig. 104). This renders the repair or 
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adjustment of the suspension very easy. The mount- 
ing of the coil and frame, etc., is well shown in Figs. 
101 and 103. The top angle-piece A^ which supports 
the upper end of the coil, is insulated from the lower 
portion of the frame by the insulating pieces B. A\& 
connected by the wire W (Fig. 103) with one of the 
terminals, while the other terminal is in connection 
with the lower end of the coil through the framework 
and lower angle piece A'. The instrument we have 
just described is clearly only available for direct cur- 




Fig. 104. Holden-D'Arsonval Galvanometer. (Coil liold'er.) 

rents. For alternating-current work, recourse is had 
to the hot-wire principle, in which case the per- 
manent magnetic field is not necessary. The plug P 
(Fig. 106), which supports the device, is, however, 
made to fit into the ordinary socket and stand, the 
presence of the magnet making no appreciable differ- 
ence in its action. The two wires W W have the 
same rate of expansion, so that under ordinary atmo- 
spheric changes of temperature the position of the 
mirror M is not affected. The front wire W does not 
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cany the current, it being insulated at its lower end : 
at its middle it carries a small apindle S, to which M 
is attached. On this spindle and below M are wound 
a few turns of fine silk thread S', the other end of 
which is connected to the current-carrying wire W by 
a wire loop L. A tightening screw (torsion head) T S 
enables a twist to be given to the front wire so that 
it pulls on W. A current passing through the latter 



Pig. 103. Holden Hot-wire GftlvanonieteT. 

heats it more or less, and enables it to " give " to this 
pull, thus allowing the mirror to turn slightly. 

* 121. Q-ALVANOMKTKE Lahf AND ScALB. In Or- 
dinary work a paraffin lamp is employed, and its 
attendant disadvantages of dirt, smell, and smoki- 
ness are very out of place in a test room. Fig. 106 
shows a convenient form of lamp and scale ' in which 
a small incandescent lamp is used, the latter being 

' Mftde by Mr. Hicka, of HaUou Garden, Loudon. 
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worked from a two-cell secondary battery. The 
standards supporting the lamp and scale have a sliding 
vertical adjustment, and are hinged to the weighted 
base, so that the whole may be folded op to go into 
a convenient leather case supplied by the makers. 
The focussing tube, carrying the lamp at one end and 
a double convex lens at the other, is mounted on a ball 



Rg. 106. BeSecting G&lTanonieter liimp and Sc«la. 

joint, which may be locked by slightly turning the 
projecting knobs. The lamp is fixed on an ebonite 
block carrying two terminals, and having a bayonet 
joint fitting to the focussing tube. The horizontal 
adjustment of the ground glass scale is obtained by a 
pinion and rack, operated by the thumb-screw seen 
in Uie figure. The above apparatus is certainly very 
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convenient ; but a celluloid scale would be better than 
the easily broken glsiss one. 

Transparent scales are used when the lamp and scale 
are placed between the galvanometer and the observer ; 
but generally the latter stands between the instru- 
ments, in which case a cardboard scale may be used. 
In most situations it will be found more satisfactory 
to dispense with the secondary battery, use a larger 
incandescent lamp, and take the current from supply 
mains. 

122. The Tangent Galvanometer. A knowledge 
of the principles of this instrument is important to the 
elementary student, though it is not now used to any 
great extent in heavy electrical engineering work. 

K we take a circular coil of wire of one or any number 
of turns, and of a diameter of not less than say about 
8 inches, when a current passes through the coil, it 
must be evident that the field in the centre is fairly 
uniform, that is, that the lines are straight and parallel 
with each other. If a relatively small magnetic needle 
(say not more than f in. long) be freely hung or pivoted 
at the centre of the coil, however much it turns it 
will be wholly in a uniform field, which will therefore 
exert a force in one constant direction upon it, the 
amount depending on the strength of the current. If 
a large controlling magnet be placed so that its field 
is at right angles with the field of the current in the 
coil, it will also exert a constant unidirectional force 
upon the needle : or instead of a controlling magnet, 
the Earth's force alone may be allowed to act on the 
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needle, in which case the galvanometer coU must be 
pat with its plane in the magnetic meridian. 

Now when a rigid bar, such as a magnetic needle, 
is acted upon by two forces exactly at right angles 
with each other, it will obviously take up an inter- 
mediate position between the two directions. If 
acted upon by the controlling force alone (the con- 
trolling magnet's or Earth's field), it will point in the 
direction of that force, and this is its zero position. 
When the current's deflecting force acts, the needle 
will move round over a certain number of degrees, 
and come to rest at a certain deflection S.^ The ratio 
of the deflecting force to the controlling force is : — 

deflecting force = controlling force x tan S 

or = H X tan o 

r 

That is, C= — ^r :r=- X 10 (amperes.) 

2 IT iv 

Where : — 

8 = deflection of needle, in degrees, 
r=radiusofcoil,incms., 
N= no. of turns in coil, 
H= strength of controlling field, in dynes, 
(7= current. 
As these values alone would give the current in 
G.G.S. units, they are multiplied by 10, as shown, to 
bring C to amperes (§ 92). 

Tan 8 signifies the tangent of the angular deflection 
8, which is procurable from a table of tangents (§ 104) 

^ Greek delta. 
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"With any given tangent galvanometer the value 

^_i_ is a constant; and the comparative strengths 

of two currents are then as the tangents of their angles 
of deflection. Supposing one current G produces a 
deflection of 39®, and another C a deflection of 2T] 
their comparative strengths are not as 39° is to 27°, but 
as tan 39° is to tan 27°, or :— 

G: C':: tan 39°: tan 27° 
•810 : 609 






le. C = |i5 (7 = 169 C\ 
•609 

123. PoKTABLB Testing Set. One of the best 
of several forms of handy testing apparatus is that 
known as the Silvertown Portable Testing Set This 
consists of a box containing resistance coils, gal v., and 
key, etc. (Fig. 107) ; and another box (not shown) 
holding two separate batteries. The two tests for 
which this apparatus is most often used are those of (a) 
resistance of conductor, and (6) resistance of insulation. 
One battery of four low resistance Leclanche cells, 
called the " bridge battery," is used for the first 
measurement ; while for the second, a battery of 30 
small Leclanche cells, which may be subdivided into 
three sections of 10 cells each, is provided : this latter 
being called the "insulation battery."^ Either of 
the batteries is connected with the resistance box by 

^ In the latest fornii the two batteries consist of 3 and 86 cells 
respectively. 
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means of flexible couductors and pings, as seen in 
Figs. 107, 109, and 110. 

Fig, 108 13 a diagram showing the whole of the 
connections of the test box (Fig. 107), and the reader 
should carefully compare these two figures. In parti- 



Pig. 107. Silvertown Testing Set. 

cnlar the connections of the dial arrangement of resist- 
ances should be noted, There are two "dials " marked 
respectively UNITS and TENS ; each coil of the former has 
Iw, and each coil of the latter lOw. One ping only is 
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necessary for each dial, and to put in any required 
resistance the plug is inserted in the socket opposite the 
number required ; the arrangement is thus the reverse 
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Fig. 108. Silvertown Testing Set. (General connections.) 

of that shown in Fig. 91, and in the bottom coils of 
Fig. 108, where the insertion of a ping cuts out the 
resistance. 
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The galvanometer is very simple in construction, 
consisting as it does of a single coil of wire, in which is 
pivoted a magnetic needle with an aluminium pointer 
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Fig. 109. Silvertown Testing Set. (Conductor Besistance.) 

fixed at right angles. A controlling magnet fitted on 
the left-hand side of the box (Fig. 107), serves to in- 
crease or diminish the sensitiveness of the galvano- 

Q 
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meter. When the magnet's N. pole is uppermost, the 
galv. will be most sensitive ; if the S. pole is at the 
top, the deflection of the needle due to any given 
current will be diminished to nearly one-half. 

Fig. 109 is a repetition of Fig. 108, except that all 
those portions of the apparatus not used for the first test 
(conductor resistance) are left out. The " bridge bat- 
tery " is connected to the plug holes marked bridge, and 
in lieu of a battery key either of these plugs must be 
inserted or withdrawn. The resistance to be measured 
is connected with the terminals marked bridge 
TERMINALS. The diagram is, in fact, that of a "Wheat- 
stone bridge, and should be carefully compared with 
Figs. 89 and 92. The straight row of resistances are 
the ratio arms of the bridge (§ 112), the two dials are 
resistances in R (Fig. 89), and the key is the galvano- 
meter key GK, The method of making the test will 
be fully understood from what was said in § 112. 

Fig. 110 shows the connections for the insulation 
resistance test, and it will be noticed that the dial 
resistances are not used, and the ratio arms are plugged 
up. The " insulation battery " is connected with the 
plug holes marked Insul*-, the terminal to the left of the 
galvanometer (marked Insul^-) is connected with the 
conductor whose insulation is to be measured, the other 
end and all branches from that conductor being insu- 
lated. The terminal marked Earth is joined to Earth 
(such as the nearest water pipe), or with the sheathing 
or armouring of the cable under test, if there is any. 
The galvanometer may be shunted with either of three 
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shunts ; and according to the position of the plug, -J-th, 
^th, or Y^th part of the current only passes through 
the galvanometer. The reason for using shunts was ex- 
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Fig. 110. Silyertown Testing Set. (Insulation Besistance.) 

plained in § 110. If the diagram (Fig. 110) is carefully 
studied, or better still, redrawn in another form so as to 
include both battery, cable, and Earth, the reader will 
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easily follow the method of making the test. First of 
all, it should be noticed that the key now forms a 
short circuitiDg key to the galvanometer, and is not 
in either of the two main circuits which start from 
the left-hand plug block. By means of the key the 
oscillations of the needle may be checked. According 
as the plug is placed in the plug block the current 
flows : — (i.) through galvanometer, into cable, across 
insulation, and vid sheathing or E. back to battery : or 
(ii.) through galvanometer, resistance coil of 10,000®, 
and back to battery. 

The test thus consists in comparing the deflection 
which the galvanometer gives when the battery is 
joined up with the insulation in circuit, with the de- 
flection given when the known resistance of 10,000a) 
is in circuit with the same battery. The readings 
on the specially constructed scale of the galvanometer 
being proportional to the currents passing through, 
it follows that the deflections are inversely propor- 
tional to the resistances. 

Thus :— 

R. through cable insulation : 10,000© : : deflec. 
through lOjOOOct). : deflec. through cable insulation. 

The use of the galvanometer shunts (which is nearly 
always necessary,) makes the calculations more com- 
plicated than this ; but enough has been said to give 
the reader some idea of the use of the apparatus. 

In some forms of portable testing set, all loose plugs 
are dispensed with, lever switches being used instead. 

124. The Ohmmeteb. An ohmmeter is an instrn- 
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ment for directly measuring resistances by the in- 
dications of a pointer moving over a dial ; and may be 
used for resistances up to BO 12 or more, according to 
the winding of the instrument. An ohmmeter indicates 
the ratio or proportion between the P.D. at the ends of 




MEGOHMS 

Fig. 111. Diagram of the Ohmmeter. 

a conductor, and the current passing through that con- 
ductor, and thus gives the resistance in ohms ; for the 

ratio =ohms. 

amperes 

When used as a portable instrument, as in Ever- 
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shed's Testing Set for the measurement of insulation 
resistance (Fig. 112), it is joined up direct to the cir- 
cuit, in conjunction with a magneto machine (or " gener- 
ator ") giving an E.M.F. of from 100 to 1,000 volts, and 
the resistance is indicated on a dial. The " generators " 
are wound for E.M.Fs. of 100, 200, BOO, or 1,000 volts 
as required. A high E.M.F. is necessary, as it is quite 
impossible to detect faults in the insulating cover of a 
wire if a low pressure is used. Fig. Ill illustrates dia- 
grammatically the principles of the instrument, and 
Fig. 112 shows the apparatus itself. 

The construction and action of the instrument are as 
follows. Two fixed coils A A (Fig. Ill) are joined up in 
series, and between them is fixed a third coil -B, with 
its axis at right angles to the axis of the coils A A, 
Inside B is pivoted a double soft iron needle -ATcarrying 
the pointer P, Were the needle N acted upon by the 
coils A A alone, it would place itself with its length 
parallel with the axis of these coils ; while if the coil B 
alone acted upon it, it would take up a position at right 
angles with the axis of A -4, Le, parallel with the axis 
of B, For any piece of magnetisable metal, free to 
move, will set itself with its greatest length parallel 
with the lines of any magnetic field in which it is 
placed. When both coils act together, the needle takes 
up an intermediate position which depends upon the 
resultant effect of the two fields oiAA and B, and is 
consequently proportional to the ratio between the 
strengths of these fields, x is the unknown resistance. 
If this be very great, very little or no current will pass 
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through the coil B, and that through the coils A A will 
keep N and P at the right-hand end of the scale. If x 
is decreased, the current through B is increased, and 
the pointer P will move back over the scale to such a 
position that the needle is in equilibrium under the 
forces exerted by the coils A A and B. 

M is the magneto-machine which furnishes the test- 
ing current. 

Fig. 107 represents the actual instruments joined up 
to measure the insulation resistance between the + 
and — leads of a circuit. The ohmmeter is made in 
three standard sizes reading up to 5, 10, and 60 
megohms respectively. For other than insulation 
resistance tests, smaller instruments reading up to 
about 100 ohms are made, the generator giving 10 volts. 

All that is necessary in testing the insulation resist- 
ance of any circuit, is to connect the + and — mains 
(the insulation resistance between which is to be 
measured) to the terminals of the ohmmeter, and turn 
the handle of the generator, when the needle of the 
former at once points to the number of ohms represent- 
ing the insulation resistance. 

* 12B. Measurement op E. M. F. (ob P. D.) and 
OuEBENT. In electrical engineering work, electrical 
pressure is generally measured directly by instruments 
called voltmeters, which are inserted as shunts between 
the two points of a circuit the P.D. or pressure between 
which it is desired to measure. A voltmeter must 
always have a comparatively high resistance, so that 
the total resistance, and consequently the P.D. or fall 
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in volts between the points of the circuit tested, may 
not be altered. For this reason, the coils of some in- 
struments are wound with wire of high specific resist- 
ance, such as platinoid or german silver. 

In many cases instruments of the same type may be 
used either as voltmeters or ammeters] the only difference 
being that in the first case the coil must be long and 
thin, and in the latter short and thick. Strictly 
speaking, all voltmeters which allow electricity to pass 
through them are also ammeters, for they measure the 
current proportional to the volts pressure at their 
terminals. Such currents are of course, very small, 
usually some fraction of an ampere. The term am- 
meter is therefore fi:enerally applied to instruments of 
low internal resistance, otherwise their intnxiuction 
into the circuit would reduce the current it was desired 
to measure. 

For the measurement of very large currents, amme- 
ters are sometimes joined up as a shunt to a known 
low resistance inserted in the main circuit. The cur- 
rent passing through the instrument is then only a 
fraction of the main current, but the scale is graduated 
to give the actual main current value. 

Only a few of the instruments described may be 
used to measure both alternating and direct E.M.Fs. 
and currents; the construction of some having to be 
altered when it is desired to use them for alternating 
current work (§ 136). 

The instruments described in the following para- 
graphs have not been selected from the many in use 
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because they are very much better thatt tbose which 
are nndescribed, but because it has been the Author's 
aim to mention those which differ most widely from 
each other as regaxds the principle of their action. 

* 126. Caedew Voltmetbk. This apparatus, in- 
vented by Major Cardew, belongs to the class known 
as hot wire instruments ; for its action depends upon the 
heating, and consequent elongation, of a wire through 



Pig. 113, Cirdew Voltmeter (interior). 

which the current (proportional to the pressure it is 
desired to test) passes. 

The wire employed is of very fine platinum silver, 
being •0025 in. or 2i mils in diameter (§ 23), and is 
ahont foor times the length of the tube in which it 
13 enclosed. The tube varies in length from about 
18 inches to 3 feet, according to the range of the 
instrument. This voltmeter, as made by the Edison 
and Swan United Electric Light Company, is shown 
in Figs. 113 and 114. 

The interior of the case, face downwards, ja shown in 
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Fig. 113 ; and the whole instmineiit in Fig. 114, the 
dial in this case being 5" in diameter. 

One end of the platinum silver wire is fized to 
the brass block B, which is connected with one of the 
terminals of the instrument. Thence the wire passes 
down the tube, round a grooved pulley, and up again to 
the small pulley p ; from this it passes again down the 
tube, round a second grooved pulley, and up again, and 
is finally fastened to the block R, which is connected 
with the terminal T of the instrument. The small 
pulley^ is made of agate, and is fixed to one end of a 



Fig. 114. Cardew Voltmeter (txterior). 

brass strip S, which latter is connected by a platinnm 
silver wire W with the adjusting spiral spring S S. 
This spring serves to keep the wire taut, and may be 
adjusted by means of the screw s'. When a currant, 
which is proportional to the P.D. at the terminals of the 
instrnment, passes along the wire, the latter is heated 
and elongates, and the slack is taken up by the spring 
SS, so that the brass strip S and wire Ware drawn to 
the right (Fig. 113). This movement is communicated 
to the pointer of the instrument in the following way. 
The wire W, before being connected with the spring 
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SSj passes once ronnd and is fastened to the small pulley 
P, which is fixed upon the same spindle as the toothed 
wheel T W. The latter engages with a pinion fixed on 
another spindle, which also carries the pointer. Thus 
it is evident that a very small elongation of the heated 
wire produces an appreciable deflection of the pointer. 

In connection with the terminal opposite to T is a 
vulcanised fibre disc carrying four fuse-wires, placed 
radially. This can be clearly seen at the top of 
Fig. 113. The disc is capable of rotation, and when 
a fuse "goes," owing to too great a current passing 
through the instrument, a new one may be put in 
circuit by giving the disc a quarter turn. 

It will be seen that the instrument depicted in Fig. 
114 reads from 30 to 120 volts. For central station 
or engine-room use, where the pressure has to be kept 
at or a little over 100 volts, and it is of advantage to 
be able to see the voltmeter reading from any part of 
the room, an instrument reading firom 80 to 120 volts, 
with large figures and divisions on a dial 12^'' in 
diameter, is supplied. 

All hot wire instruments, such as the above or that 
mentioned in the latter part of § 120, may be used 
to measure either direct or alternating E.M.Fs. In 
constructing ammeters on the hot wire principle, care 
must be taken to keep the resistance low (§ 148). 

127. Aykton and Pkbby's Twisted-Stbip Volt- 
KETEBS AND Ammetebs. Although these instruments 
are perhaps rather too delicate for ordinary use, the 
principle of their action is of interest. 
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T/S is a vertical twisted metal strip, with a pointer 
P fixed midway between its ends. The current to be 
measured passes down this strip and heats it. The 
strip consequently untwists, and the pointer moves 
round in a horizontal plane over the scale S. The 




Pig. 115. Principle of Twisted-Strip Instrument. 

twisted strip is fixed at its ends to the blocks B and R. 
The upper block B is tapped, and by means of the 
milled head MH^ may be slightly raised or lowered 
without turning, and the pointer thus adjusted to zero. 
* 128. The Cell Tester. This instrument, also on 
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the hot wire principle, is constructed for measuring 
small P.Ds. from 1 to 4 or 5 volts, and is thus very con- 
venient for testing secondary cells, hence its name. 
The construction of the particular form of the instru- 
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Pig. 116. Cell Tester (interior). 

ment known as the Holden, Drake, and Gorham cell 
tester is shown in Figs. 116 and 117. 

The spring B (at the top of the instrument) fixed at 
one end to the anglepiece C, carries at its other ex- 
tremity two fine wires, W W\ of the same size and 
material, which are stretched, as shown, from the top 
to the bottom of the instrument. Only one of these ( W) 
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carries the current, tlie other being insalated. Under 
ordinary circumstances the needle N is nuaffected by 
variations of temperatore, as both wires expand alike. 
But the moment W is heated by the passage of the 
current, it expands more than W', and consequently 



Pig. 117. Ceil Tester (exterior). 

has a certain amount of sag, as the spring S is still held 
down by the wire W. A. hair-spring SS fixed to the 
axle of the instrument tends to turn the needle round 
over the scale, but is prevented from so doing by the 
bar B fixed to the wire W. Directly W is heated, the 
sag is taken up by B and SS, and its amount indicated 
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by the movement of N. The needle is adjusted to 
zero by means of the thumbscrew beneath the scale 
(Fig. 117). The passage of the current is as follows : 
from r+ to C, along fif, down W to C, and thence to 
T— . The cell tester shown reads up to 2-6 volts. 

Fig. 118 shows about Jth full size a contact rod, 
which is used for testing secondary cells in conjunc- 
tion with the above instrument. The lugs LL are 
connected with the terminals of the cell tester, which 




B 

Fig. 118. Contact Kod. 

the battery attendant carries in one hand, the contact 
rod being in the other. The wires attached to the rod 
terminate at the metal blocks A and Bj which enable 
very efficient contact to be made with the lugs of 
each separate cell. 

 129. Kelvin Electrostatic Voltmeteb. The class 
of instruments of which Lord Kelvin's vertical scale 
electrostatic voltmeter (Fig. 119) is the simplest example, 
are peculiarly adapted for measuring high alternating 
pressures, as there is no complete circuit through them. 
In the figure, Fis a light aluminium vane which is sup- 
ported at its centre on a knife-edge, and is free to move 
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in a vertical plane midway between the two connected 
fixed brass strips B B. The vane carries at its upper 
end a light alttminium pointer P, and to its lower end 
may be hung small weights W, which tend to keep it in 
an upright position. The fixed plates and the movable 
vane are connected with two terminals fixed on one side 




Elg, 119. Lord KeWiii's Vertical Bleccrostatic Voltmeter. 



of the case. In order to save time by checking the 
oscillations of the vane, a fine horizontal insulated rod 
R, actuated by the handle H, may be brought forward 
so that the pointer rubs against it. The stops S S limit 
the range of movement of V, and prevent damage to 
the pointer. 
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When the instrument is joined up to any two points 
of a circuit, the P.D. between which it is desired to 
measure, the difference of potentials causes the fixed 
and movable plates to mutually attract each other, and 
as a consequence the vane moves in between the fixed 
plates. The amount of this movement, and therefore 
the P.D. to be measured, is indicated by the pointer on 
the scale. Such an instrument will measure from 600 
up to 20,000 volts. 

130. Swinburne's Electrostatic Voltmeter (Holt's 
Patent.) Fig. 120 shows a complete instrument with 
open-faced dial, a plan with dial removed being given 
in Fig. 120a, and a side-sectional view in Fig. 120b. 
Fig. 120o gives a separate sketch of the vanes and 
pointer. Qj, Qg? Qsj ^^d Q^ (Fig. 120a) are four quad- 
rant-shaped brass cases, the form of which will be more 
clearly seen from Fig. 120b, where a section of Q^ and 
Q3 is given : the top surface of the quadrants can also 
be seen in Fig. 120. Q^ and Q3 are connected together, 
as are also Qg and Q4, the position of the connecting 
brass strips being shown dotted at w and to' (Fig. 120a). 
Qi is connected with one of the terminals, and Qg with 
the other, the connection being through fine copper 
fuse wires enclosed in glass tubes. In the event of any 
sparking or arcing taking place between the differently 
charged parts of the instrument, the resulting current 
fuses these wires, and any short-circuiting of the 
mains to which it may be connected, as well as damage 
to the instrument, is prevented. These fuses are on the 
outside of the case at the back, and are thus easily got 
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at for renewal. One of them is shown at F (Pig. 120b}, 
their position being shown dotted at F and F' in Fig. 
120a. The parts of the instrument are mounted on a 
thick ebonite base (shown black in Fig. 120b), and the 



Fig. IQO. Swinbunie's Electrostatic: Voltmeter. 

Burface between the quadrants is corrugated, as at C, C, 
C, C, (Fig. 120a), to increase the insnlation, and prevent 
leakage between the oppositely charged quadrants. 
For this purpose also the terminals are very highly insu- 
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lated, one being shown ^t T (Fig. 120b) : the terminal 
shank is enclosed in an ebonite tube E T, and its inner 
end provided with an ebonite cap E C. The position 
of the terminals and their ebonite caps is shown at 




Fig. 120a. Swinburne's Electrostatic Voltmeter (plan) (abont Jrd 

real size). 

Tand T', E C and EC in Fig. 120a. The pointer P and 
vanes (of which there are two) F, F, (Fig. 120b), are 
mounted on a light steel spindle resting on friction 
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wheels F W (Figa. I^a and b) : tbese can also be seen 
in Fig. 120. This kind of beaiing, which enables the 
spindle to turn very easily and freely, ia as follows : — two 
small wheels with smooth sharp edges are mounted 



Fig. 120b. Swinborne'B Electrostatic Voltmeter (side section). 

side by side in jewelled or highly-finished bearings, so 
that they overlap, but do not touch ; the end of the 
spindle rests between and on their top edges. The 
front vane, pointer, and counterweight are shown in 
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Fig. 120a Tlie vanes and pointer are of alnmininm, 
and to decrease their momentam and render the instm- 
ment more dead beat, the former are perfixrated : their 
peculiar shape will also be noticed. P projects roond 
in front of the scale S, as shown in Fig. 12Qb: the 
position of /8 is shown dotted in Fig. 120a. It is 
obviously important that the instrument be set up 
perfectly level, and for that purpose a spirit level SL 




Fig. 120a Swinbame^s Electrostatic Toltmettrr. (Pointy- mnd 

Vanes.} 

(Fig. 120b) is provided : S L can also be seen in 
Fig. 120. 

The instrument is adapted to the measurement of 
either direct or alternating pressures, and is made in 
various ranges— 800 to 1,600 ; 1,400 to 2,600 ; and 1,800 
to 3,200 volts being the ordinary. It can, however, be 
made to read up to 8,000 volts ; and in a different form 
to 60,000 volts. 
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Its action is as follows : — the vanes are in connectioi 
through the spindle and bearings with the quadrant 
Qiy as shown in Fig. 120b, and thus Q^, Q^ and the 
vanes are in connection with one terminal T of the 
circuit, Q2 and Q^ being joined to the other T\ The zero 
position.of the vanes is shown dotted in Fig. 120a ; and 
it will there be seen that they project slightly from the 
enclosing quadrants. Suppose the terminals T and T" 
(Fig. 120a) are connected respectively with the + and 
— points in a circuit, the pressure between which it is 
desired to measure : Qj, Q3 and the vanes will become 
+ ly electrified, and Qg and Q^ — ly electrified ; the 
vanes will consequently be repelled by Qj and Q3 and 
attracted by Q2 stud Q4, against the force of gravity 
acting on the counterweight ; the projection of the 
vanes when in the zero position will cause them to 
move round in a clock- wise direction, and the pointer 
will move from right to left. The same reasoning 
applies with an alternating pressure, it being re- 
membered that though the electrification is rapidly 
alternating, the vanes Q^ and Q3 are always similar in 
electrification, and opposite to Q2 and Q4. 

131. The Multicellular Electrostatic Voltmeteb. 
Fig. 121 shows the engine-room pattern multicellular 
voltmeter, designed by Lord Kelvin. There are a 
number of vanes fixed to a vertical spindle. The top 
end of the spindle is suspended by a small spring and 
a fine platinum-iridium wire from the top of the instru- 
ment, while its lower end terminates in a disc turning 
in an oil dash pot. The movements of the instrument 
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are thus rendered dead beat. The apper end of the 
row of vanes carries a light pointer, which is bent over 
in front of the scale. 



Fig. 121. Multicellular ToUmeber. 

Eqnal in number with the vanes are a set of cells 
formed of strips corresponding with BB in the illustra- 
tion of the vertical electrostatic voltmeter. (Fig. 119,> 
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Because of the number of vanes and cells, this instru- 
ment reads much lower than the single vane voltmeter, 
its range being from 40 volts upwards. 

132. Ayeton and Mather's Electbostatic Volt- 
UETEB. The action of this instrument, in common with 
that of the other electrostatic voltmeters described in 
previous paragraphs, depends on the electrostatic attrac- 
tion set up between two conductors connected with the 
two points of the circuit whose P.D. is to be measured. 
The fixed and movable portions of the Ajrton and 
Mather instrument are shown diagrammatically in 



Fig. 122. The three curved plates, A, B and C, which 
are firmly fixed to the plate D, constitute the fixed 
part; and E F G the movable part. E and F are 
curved aluminium plates fixed to the staff or axle G. 
The controlling force is gravity, a small weight (not 
shown) being attached to an arm on the axle. ABC 
and E F being respectively connected with the points 
of the circuit to be tested, it must be evident that the 
greater the P.D. the greater will be the force with 
which E Fia drawn over to embrace B C, the counter- 
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poise tending all the while to pull E F hack to the 
zero position. This force is, in fact, proportional to 
the square of the pressure. A pointer attached to the 
front end of G, indicates the amottnt of moTement of 
EF on the scale in front of the instrument. 
The latest form of the moving part is shown in Fig. 



Pig. 12a Ayrton & Uather's Electrostatic Voltmeter. 



124 : the curved aluminium plates or vanes are practi- 
cally the same as before, but an addition has been made 
in order to " damp " or retard the osciUationa of the 
moving part, and make it come to rest more quickly, 
Le., render it more dead beat. This is effected by 
mounting a strong horseshoe permanent magnet on 
the frame which carries the pointer and vanes, and 
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fixing to the movable part a flat piece of copper. 
When the vanea are deflected, the copper plate moves 
between the poles of the magnet, and the eddy currents 
set ap therein tend to retard its motion in accordance 
with Lenz's lav, though the nltimate position which 
the needle will take up is, of coarse, not affected. 



The complete instrument 13 shown m Fig. 123. The 
small thumb-screw at the top operates a pinion gearing 
intoarackfixed to a second pointer, which may be there- 
by adjusted to any part of the scale, to permanently indi- 
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cate the required pressure : any variation of the actual 
pressure is thus more easily noticed. If this indes is 
turned as far as it wiU go towards zero, it serves to 
clamp the other pointer, and thus hold the moving 
part steady when the instrument is being moved. 

A voltmeter for high-pressure work must be highly 
insulated, to prevent accident to persons using the 
instrument. In the present case, all the exterior 
parts are insulated from the circuit, so that a person 
handling the apparatus cannot receive a shock 

Fuses enclosed in removable glass tubes with brass 
caps are provided; they slip into ebonite tubes pro- 
jecting into the instrument, and so make contact with 
the working parts. 

The terminals are embedded in a block of ebonite 
hinged to the case, and are fitted with ebonite-headed 
screws. Thus no metal parts are exposed to the touch. 

Fig. 123 shows this terminal block and terminals, 
and also a screw (between the terminals) which is used 
for fixing the block. The latter also carries ebonite 
encased caps which, when pushed home, connect the 
terminals with the protruding ends of the fuse tubes. 
In the position shown, the block has been moved so as 
to break contact with the fuse tubes and instrument. 
It is thus evident that contact may be broken between 
the terminals and the instrument, and fresh fuses in- 
serted, without disconnecting the outer wires. 

A spark gap is provided inside the instrument, and 
adjusted to allow the passage of a spark should the 
potential rise to double the working pressure. This 
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prevents sparking between the working paxts, which 
are tested to more than doable the normal pressure. 
On a spark passing at the gap, the fuses are blown, 
thus cutting the instrument out of circuit. 

* 133. Swinbubnb's " N " Type Voltmeters and Am- 
meters. These instruments consist of a pair of astatic 
needles, and a current-carrying coil : their principle of 
action is thus the same as that of the astatic detector 
described in § 118. They are clearly only adapted 
for direct-current work, but by reason of their con- 
struction, are claimed to be unaSfected by neighbouring 
fields, and to be cheap. 

The interior of a voltmeter is shown in Fig. 125, 
the exterior being very similar to that of other instru- 
ments, fl i^ is a brass skeleton frame on which is wound 
a coil of fine wire C of about 800a) resistance : another 
coil R of platinoid wire, and about 3,200a> resistance, is 
joined in series with C, and the two are connected with 
the terminals T and T\ The use of R is to reduce the 
current passing through the instrument, and to mini- 
mise any error due to the current heating the coil and 
increasing its resistance : for if the deflecting coil of a 
voltmeter heats and increases in resistance, the current 
passing through it, due to a given pressure, will be 
reduced, and the coil will exercise less deflective force 
than it ought, thus giving a wrong reading. The turns 
of the coil are opened out at 0, to enable the needles 
to be put in place. The latter, one of which {N) can 
be seen in the figure, are of thin sheet steel carefully 
magnetised, and the poles being close together, they 
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are little aSected by external fields. The flatness of the 
needles and the closeness together of the poles (giving 
a nearly closed magnetic circuit,) is the special feature 
if this instrument. The needles and pointer P, as 



Fig. 125. Swinburne's " N " type Voltmeter (interior, | real size). 

well as two counterweights C W,CW' are fixed to a 
steel spindle mounted in bearings, one of which {B) 
oan be seen on the front of the coil. C W is used to 
balance the needles and pointer, while altering C W 
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increases or diminishes the sensitiveness of the ap- 
paratus. 

The parts are mounted on a sheet-iron base R^ and 
the terminals on an ebonite block E shown black. 

Voltmeters of this type are generally constructed for 
ranges up to 100 or so volts, but can of course be made 
to read to higher values. 

Fig. 12Ba shows an ammeter coil for this type of 




Fig. 125a Coil of Swinburne's " N " type Ammeter (J real size). 



instrument. The winding consists of a single turn of 
copper strip, carefully insulated from the brass frame. 
It is in two pieces P and P' joined in parallel ; one 
joint is shown at J, the other being below. T and T' 
are the terminals. For heavy currents the instrument 
is arranged as a shunt across a low resistance in the 
main circuit, so that the thick main leads need not 
be led to and from the ammeter. This is somewhat 
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but not strictly aimil&r to the potentiometer method 
of measuring current, and should be carefully thought 
out by the student. (§§115,125.) 

134. Swinbubnb's " U " or Inductor Typb Instru- 
HENTs. This class of instrument for alternating-current 
work, which may be fitted either as a voltmeter, am- 



Fig, 126. Swmburn«'a Inductor type Voltmeter. 

meter, or wattmeter, is unique in principle ; and though 
not complicated in construction, its action is somewhat 
difficult to explain clearly. /C(Figs. 126a and 126b) 
is a square-shaped iron core built up of thin sheets of 
soft iron in two pieces, which are bolted together at the 
joints J and J' ; the larger sheets having a projecting 
piece P. These sheets, or stampings, are insulated 



§134] SWINBURNE'S ''W'-TYPE INSTRUMENTS. 257 

from each other with thin paper, to prevent the set- 
ting up of eddy currents. A closed magnetic circuit 
is thus provided for the two coils C^ and C^j which are 
of copper wire and joined in series • while the magnetic 




Fig. 126a, Swinburne's Inductor type Instrument (interior, 

about I real size) 

flux due to the third coil C^ completes its circuit across 
the air gap O. C^ is a coil of a single turn, three sides 
of which are made of copper strip, whUe the fourth, 
which moves in the field gap 6r, is of manganin, to 

s 
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retard the setting up of induced currents in it. C4 
embraces the iron core /C, and is fixed to an arbor 
or spindle, together with a pointer P and counter- 
weight C W. 

The fixing of the parts to the ebonite base EB 
is clearly shown in Fig. 126b. The terminals T and T' 
are like those described in § 130, but they are unpro- 
vided with ebonite caps when the instrument is only 
to be used for low pressures. 

The action of the instrument is briefly as follows : — 
the passage of an alternating current through C^ and (7, 
sets up a magnetic flux in the core which induces 
an alternating current in C^^} C^ being movable, and 
one side of it being in a correspondingly alternating 
field due to Cg, that side will travel along the air gap 
Cr, and C4 and P will be rotated. 

C^ is the same whether the instrument be used as a 
voltmeter, ammeter, or wattmeter ; but the connection 
and winding of (7i, Cg, and C^ differ in these various 
cases. 

In a voltmeter, Cj and Cg ^r® of copper wire (about 
•02 inches diameter), connected in series to the ter- 
minals, and of a low resistance. C^ is of fine german 
silver or manganin wire wound to a high resistance, 
and joined as a shunt to the terminals T and T\ 

In an ammeter, the connections are just the same, 
but (7i, Cg, and C3 are wound with much thicker wire. 

In a wattmeter, C^ has a copper winding of low 

1 See Chap. XVI., Vol. H. 
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resistance, and is joined ap iu the main circuit ; while 
G^ and C, are wound the same as in a voltmeter and 
connected in series with two separate terminals. As 
before mentioned, the main current is sent through C,, 



Fig. 12Gb. Swinbame'H Inductor type Instrameat (side seotlotukl 
elevation). 

while C, and C^ are connected as a shant to that 
portion of the circuit whose power is to be measured. 
The action of these instruments will be better 
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the soil iron armature fixed to the axle, P the brass 
case or " plog " which is open at O, and S a pecoliarly- 
shaped soft iron sleeve which fits on to P, bat is shown 
apart and in perspective for the sake of clearness. 
The armature A is more clearly shown in Fig. 129, 
together with the axle, Nj and C. A section across 
Uie " plog," showing the sheath S in place, and its 
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Fig. 12a Evorahed's Voltmeter. ("Plug.") 

position relative to the armature A when the latter i$ 
at zero, is given in Fig. 130 ; and by the help of this 
and the perspective view of S in Fig. 128, the action of 
the instrument may be explained. S offers a variable 
path to the lines of force due to the current, which 
pass from end to end of the coil ; and at and about the 
point M there is more or less free magnetisii : to this 
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region A is attracted against the gravitating force of 
C. The zero position of J. is shown in Fig. 130, 
G (represented by a dotted line) being heavier than 
A, The amount of the attraction between A and 
M depends, of coarse, on the current passing through 
the coil. 
Fig. 131 gives a plan of an ammeter, with the cover. 





Fig. 129 Evershed's Voltmeter. 
(Armature and Needle.) 



Fig. 130. Evershed's Voltmeter. 
(Section across " Plug.") 



** plug," and dial removed. The coil C (which, in the 
particular instrument inspected, had 8 turns,) is of 
thick insulated cable whose ends are soldered in the 
terminal sockets T S^ T Sj which pass through the 
base, but are insulated therefrom by ebonite (shown 
black). The hollow of the coil Ji is where the plug is 
inserted. 
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136. MODIFICATIOH OF InSTBDICENTS FOB AlTRBNATE 

OoKEEST Work. Ammeters and voltmeters con- 
stmcted for use with contmttoas carrents and E.M.Fs., 
generally have to be modified in some way or other 
if it is required to uae them for alternating currents 
or E.M.FS. 

The Eyershed instniments are modified for alternate 



Fig. 131. Evershed's Ajnmeter. (Coil and Base.) 

current work as follows. The ammeters are con- 
structed with a shunt to the working coil, which with 
a continuous current would shunt off ahout 5 % of the 
current. The shunt is made like a choking coil, that 
is, it has inductance ; and when the ammeter is used to 
measure alternate currents, only about 2 ^ of the 
current is shunted, leaving an additional 3 % for the 
working coil, and so raising the readings to the correct 
effective value. 
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The voltmeters are corrected for alternate currents 
in much the same way, though sometimes a diminu- 
tive transformer is used, as shown in Fig. 132. The 
auxiliary circuit has a primary wire P, which trans- 
forms as many volts into the secondary coil S as are 
required to make up for the back E.M.F. in the work- 
ing coil of the voltmeter (7, so that the working coil 
circuit acts as though it had no self-induction, and 
the voltmeter then reads the same for alternate as for 
direct currents. 

Besides the above and other compensating arrange- 
ments in the actual circuit, coil-cheeks, cores, etc., 

HMAAAA 

C 







AUXILIARY CIRCUIT 

Fig. 182. Winding for Alternating Currents. 

must be slotted or laminated to prevent the circulation 
of eddy currents. 

 137. Ayrton and Pbrey's Spring Ammeter. In 
this instrument (Fig. 133) the aluminium pointer p is 
fixed to the top end of a thin, soft iron tube T. This 
tube is fixed at its lower end by a small piece of brass 
C, to the lower end of a spring S, the upper end of 
which is fixed to the milled head H. This spring is 
of a special form (Fig. 134), like a narrow shaving 
curled up into a cylinder of very small diameter. 
When the current to be measured passes round the 
coil WW oi the instrument, the tube T is sucked down, 
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and the spring being thereby elongated, antwists ; the 
tube and pointer therefore also move round, which 
movement is indicated by the pointer upon the scale. 
The small pLa P, which fits loosely in a hole, tends to 



Fig. 188. Ayncn & Pony's Spring Ammeter. 

keep the tube central, and so prevents it hx)m toucb- 
ing the sides oi the hollow coil. The little compass 
let into the base of the instrument serves to indicate 
the direction of the current, by showing the polarity 
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of the lower end of the coil. The holes seen in the 

case of the instmment provide for the TentHation of 

the coil. When wound with 

thin wire, the instrument will 

act as a voltmeter. 

The ammeters have a range 
from 4 to 600 amperes, and the 
voltmeters from 16 to 1000 volts, 
according to the grade of instni- 
ment. Portable sets are made 
with an am- and voltmeter 
mounted side by side in a box. 

Ammeters and voltmeters on 
this principle, for alternate cur- 
rent work, most have the soft 
iron tube T and the bobbin tabe 
and cheeks slit in order to retard 
Pig. lai. the circnlation of eddy currents. 

SS^J'Snl^Sf • 138. PiTEBSO- a™ OoOP«e's 

" Ph(knix " Amubtkk and Volt- 
HEiEB. In these instruments there is a bar electro- 




Fig. IK. Neeille and J[agnet of "Phcenix " Instrnments, 
magnet, to the poles of which are fixed soft iron pole- 
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pieces N S (Fig. 135). These pole-pieces bend round 
in front of the coil, and are hollowed out at their 
extremities. In this space is pivoted a small soft iron 
needle B^ to which the pointer is attached. A circular 
spiral spring of phosphor bronze tends to keep the 
needle almost at right angles to the magnetic field 
which is set up between the pole-pieces. When a 
current passes round the coil of the instrument, this 
magnetic field moves the needle against the torsion of 
the spring, tending to turn it parallel with the lines 
of force of the field. The amount of this turning is 
indicated by the pointer upon the scale, and is a 
measure of the strength of current passing through 
the instrument, or of the P.D. at its terminals. It will 
be noticed that the inner faces of the pole-pieces are 
shaped excentrically, and the tendency is for the 
needle to move round in the direction of the arrow, as 
in so doing it shortens the air gap between the poles. 

138a. Atkinson Ammeter and Voltmeter (Fig. 
137a). The moving part of these instruments consists 
of an hydrometer or float containing a soft iron wire, 
and weighted at the bottom. This float is placed in a 
sealed glass tube about two-thirds full of a special 
liquid. The float is so weighted, that under normal 
conditions the top of its stem is just out of the liquid ; 
and the containing tube passes so far into a solenoid 
that when no current is passing the top of the iron 
wire is just within it. According as the instrument 
is intended for a voltmeter or an ammeter so this coil 
is wound either with thin or thick wire. When a 
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cnrrent passes the float is drawn upwards to an extent 



Fig. 137a. A.tkiDSOii Ammeter, 
proportional to the current, and its position is indicated 
by a black and white baud on the lower and thicker 
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part of the float. The external appearance of this 
instmment is indicated in 
Pig. 137a. 

* 139. SiUFLE Gravity Am- 
icETEB. The principle of this 
ammeter will be clearly under- 
stood from Pig. 138. Gravity 
tends to pull the thin, curved 
soft iron tongue N down, 
while a current passing round 
iihe coils c sucks it up. The 
movement of the tongue is 
shown by the pointer P. 

* 140. HoLDBN, Dhakb, 

AND GOBHAH AUHBTEB. The 





Fig. 189. Action of Holden, Drake, and Gorham Inatruroenta. 
working parts of this instrument are shown in Pig. 
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139, and a complete instrument in Fig. 140. The iron 
core N of the coil C has fixed to its upper extremity 
the peonliarly shaped pole-piece P P. The lower end 
of the core has also a pole-piece, which is brought np 
the side of the coil and terminates at S, The pointer 
P is fixed to an axle which is pivoted between the top 



Pig. 140, Holden, Drake, aud Gorham Ammeter. 

of the core and an angle piece. This axle carries a 
piece of soft iron /, and is governed by a spiral spring s 
which tends to keep / against PP. i is prevented 
from touching P P by means of the small brass collar 
at ita end, for the same reason that the armature 
of an electric bell ia prevented from touching the 
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magnet poles, by inserting brass pins in the. latter: 
t.e., to prevent the two magnetically sticking together. 
When a current passes round (7; N, PP^ and / be- 
come of north polarity ; I is consequently repelled by 
PP and attracted by S, which is of south polarity, and 
the arbor and consequently P are turned against the 




w< 



Fig. 141. Armature and Needle of Sohnckert Instmments. 

torsion of « to an amount dependent upon the strength 
of the current. 

A small indicator fitted on the front of the instru- 
ment shows in which direction the current is passing. 

* 141. ScHUCKBRT Voltmeter. The construction 
and action of the form of Schuckert instrument 
shown in Fig. 142 is very simple. The moving part 
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of the apparatus, depicted in Fig. 141, conaists of an 
axle a a carrying a carved piece of malleable soft 
iron SI, and provided at one end with a light alomi- 
nium pointer p. This is pivoted in the coil, bat 
not exactly in the centre. The centre of gravity of 



Fig. 112. Shnokart VolLmeter. 

the armature is so adjusted by means of the piece 
of wire v>, that when no current is Sowing round the 
coil, the index stands at zero on the scale. When a 
current passes, the iron is drawn into the average 
strongest part of the field, that is towards the side of 
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the coily^ and the needle is consequently deflected. 
The whole of the moving part is made very light, it 
weighing only about ^th of an oz. ; there is thus 
practically no resistance due to friction on the bearings. 
Fig. 142 shows a complete instrument. 

Many other ammeters and voltmeters act on a 
simUar principle to the one just described. 

Some forms of Schuckert apparatus are said to be 
similar in action to the Walsall instruments described 
in the next paragraph. 

* 142. Walsall Instruments. The voltmeters and 
ammeters constructed by the Walsall Electrical Co. 
are made in a variety of sizes and forms, the ordinary 
pattern being somewhat similar to Fig. 143, with the 
exception of the special contacts and relay there shown. 

The working part or " plug " of these instruments, 
which (as in the case of the Evershed apparatus,) 
may be easily removed, is shown in perspective in 
Fig. 144, and in part section in Fig 146. Fixed to the 
axle a are two armatures -4 and A', built up of thin pieces 
of soft sheet iron, in the relative positions shown in Figs. 
144 and 14B, A' being less than half the length of and 
much thinner than A, Part of the framework in which 
the moving part is pivoted consists of a brass tube B, 

^ The internal field of a solenoid midway between its ends is 
strongest at the centre (axis) of the coil ; but towards the ends^ 
where the lines begin to leak out, the field is stronger at the 
sides than in the centre. Consequently, a piece of iron reaching 
the whole length of a short coil moves to one side, while a 
short piece placed in the middle of its length tends to move 
towards the centre. 

T 
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which is tightly packed with a nnmher of soft iron 
wires W. The dotted line d indicates the hollow of 
the coil. 

The action is as follows : — when a current passes 



Fig. 143. Wals&ll B«Uy Voltmeter. 

round the coil, B (Fig. 145) repels A and the needle 
moves over to the right. As A moves away from B, 
A' is brought round towards B, against the slight 
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repulsion 'which is set up between them; the travel 
of the needle is thus retarded by this repulsion, as well 
as by the force of gravity tending to pull A down- 



Fig. Iti. " Plug " of Walsall Instmments. 

wards. This action will be better understood from 
Fig. 146, where a sectional plan of the coil is given, and 
W, A, and A' are shown. Suppose a direct current is 




Fig. 145. '-Plng''of'Wft)eaUl]istnunenls. (Section.) 

flowing round the coil, then one end of W, A, and A' 
will be north, and the other south : thus repulsion will 
be set up between N, N', and n ; and between iS, £^, and 
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a : but the repulsion between W and A will clearly be 
greater than that between W and A', and the needle 
will move over the scale. 

The iron parts being well laminated, the instraments 
may be osed with alternate carrents. 

Various other instruments act on this same principle. 

Fig. 143 shows a special form of alarm voltmeter, in 
which pairs of adjustable contacts are arranged on each 
side of the needle, these being connected with a relay 

n'n n A 



Pig. 146. Action of Walsall InBtmrnsuta. 

below. Any variation ot the voltage causes the needle 
to bring the contacts together on one side or the other, 
thus operating the relay from one or two cells, the 
relay being placed in the circnit of an electric bell, or 
an automatic regulating device. 

A useful kind of ammeter, for electric traction work, 
has vanee fixed upon the working parts, and the whole 
immersed in a viscous liquid which keeps the needle 
steady, even though the instrument may be subjected 
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to a considerable amonnt of vibration. This form of 
ammeter, whiob is intended for direct carrenta only, 
differs from most otbers in that its needle also shows 
the direction of the current, the needle moving to the 
right for a current in one direction, and to the left for 
a current in the other direction. 

142a. Da vies' Voltmbtbe (Fig- 146a). This instru- 



Fig. 146*. Davies' (Muirhead) Vohmetor, 

ment, as made by Mnirhead & Co., is similar in principle 
to the moving-coil galvanometer described in § 120. 
An elevation and plan of the permanent magnet are 
given in Fig. 146b, ^^being the north pole, and SSS 
the south pole. The portion PM is the permanent 
magnet itself, while PP, PP are soft iron pole-pieces. 
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A very strong field exists in the air-gap between the 
poles, and in this field the movable coil is suspended, 




I " I 




Fig. 146b. Permanent Magnet of Davies' Voltmeter (} full size). 

its zero position being shown dotted at C. The closeness 
with which the poles approach, and the way in which 
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one embraces the other, render the field impervious to 
any disturbance from outside, so that even if a magnet 
be laid on the face of the instrument, its indications 
will be practically unaffected. To further prevent the 
possibility of any error from such causes, in later in- 
struments the distance between the poles wiD be still 
further reduced. 

Fig. 146o gives a plan and elevation of the coil, 
holder H, and controlling springs CSyCS] the appear- 
ance of these when in position on the magnet being 
shewn in Fig. 146a. The coil, of several turns of fine 
copper wire, is first wound on a former in such a 
manner that a frame is dispensed with. One side of 
it is then fixed to an aluminium shaft threaded on 
to the spindle S^ (Figs. 146b and c), which also carries 
an aluminium pointer P. The pressure current is led 
into and oiit from the coil vid the springs CSjCS, It 
will thus be seen that when the coil is in place, one- 
half only of it is in the field, the other half being 
inactive ; and the current in the coil causes its active 
half to travel round the field against the torsion of the 
spiral controlling springs. 6 is a brass piece with two 
arms, each ^carrying a pad of cloth ; these limit the 
travel of the needle either way without jar. In order 
to get sufficient resistance in circuit, a separate fixed 
coil is joined up in series with the movable coil. 

From Fig. 146a it will be seen that the instrument 
has a very long range, the particular one illustrated 
reading from to 240 volts : moreover, it should be 
noticed that the scale divisions are uniform. 
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The sensitiveiiess of these instrtimeiits is such that 




^g. I46c. Coil of D&yies' Tollimeter ^ fall siie). 
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they can be made to read accurately from Ol volts 
upwards. 

Ammeters on this principle read irom -05 to 3 
amperes, or from 1 to 100 amperes and upwards. The 
moving coil has a few turns of copper wire, and is 
shunted by a low resistance through which the main 
current passes (§§ 125, 133). 

Obviously these instruments can only be used with 
direct currents, and care must be taken that the 
current is sent the right way through. In a gravity 
form the spiral springs are dispensed with, and the 
coil is provided with an adjustable counterweight. 

142b. Weston Ammetebs and Voltmetebs. These 
instruments, of American design, are supplied by 
Messrs. Elliott Bros. They are very similar in prin- 
ciple to those described in the preceding paragraph. 
There is a light pivoted coil controlled by spiral springs, 
and mounted in the field of a magnet which is in some 
cases permanent, and in others electro. 

143. LoBD Kelvin's Electric Balances. Lord 
Kelvin is the inventor of many beautiful and exact 
instruments for electrical measurements, one of the 
most remarkable and ingenious classes of which are 
his current balances, which are adapted to the measure- 
ment of both direct and alternating currents; while 
others will also measure volts and watts. They are 
made in various ranges as follow : — 

I. Centi-ampere Balance, measuring from 1 to 100 
oenti-amperes ; i,e. from '01 to 1 ampere. 
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n. Deci -ampere Balance, measnrmg from 1 to 100 

deci-amperes ; i.e. from *1 to 10 amperes, 
m. Deka-ampere Balance, measuring from 1 to 100 

amperes. 
rV. Hekto-ampere Balance, measuring from 6 to 600 

amperes. 
V. Kilo-ampere Balance, measuring from 100 to 

2,500 amperes. 
VI. Composite Balance, measuring from '02 to 500 

amperes, and capable of being used also as a 

voltmeter or as a wattmeter. 

Besides these, there are four types of watt balance 
very similar in principle. 

Though the working of each type of current 
balance is the same, the construction varies a good 
deal, according to the range of the instrument. The 
one which we shall now briefly describe, and which is 
shown in Fig. 147, is the deka-ampere balance. The 
action of the instrument depends, like the electro- 
dynamometer, upon the mutual forces of attraction 
and repulsion between movable and fixed portions of 
an electric circuit (§ 69). In the actual apparatus, the 
parts of the circuit which thus react on one another 
are circular. The movable part of the instrument may 
be compared with a balanced beam, having a hori- 
zontal coil fixed at each extremity. Above and below 
these movable coils are fixed coils ; all the coils carry- 
ing current in such directions that the beam and 
movable coils tend to be tilted up on one side, and 
down on the other. 
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This arrangement will be more clearly grasped from 
Fig. 148, where M C are the two movable coils, and 
F C the four fixed coils. 

The balance arm carrying the movable coils (which 
is not shown in Fig. 148), carries also a scale /S, the 
edge of which is turned up so as to form a rail on 
which the weight W slides. The whole beam is sup- 
ported on two ligaments L L of fine copper wire, 




FC 

repul] 
MC 

ATTRACT 
FC 



Qig pi I.I.I. I.I . i. M4^ii lniiliniliii«liiiibiiilnnlti3 



Re 




CTION 

MC 

PULSION 

FC 




T / . T 

cTC "^-o C 

Fig. 148. Diagram of Current Balance. 

which also serve to conduct the current into and out 
from the movable coils. 

The current to be measured is passed through the 
whole of the coils in series, in such a direction that 
the right-hand movable coil is forced upwards, being 
repelled by the bottom fixed coil and attracted by the 
top one ; while the left-hand movable coil is drawn 
downwards, being attracted by the bottom coil and 
repelled by the top one. As a consequence the beam 
is tilted over. The sliding weight W is then slid 
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along by the slider 3 (Fig. 147) until the beam once 
more lies in a horizontal position, which is seen by 
observing the little pointers PP shown at each end 
of the beam. The weight is slid along either way by 
pulling the cords C C. In Fig. 148, for simplicity's 
sake, C G are represented as fixed to TT, but such is 
not really the case, as will be seen in Fig. 147. The 
number of turns and size of conductor on the coils of 
course depend upon the range of the instrument. The 
terminal leads for connection to the outside circuit 
may be seen to the left of Fig. 147, marked T T. 

* 144. Siemens' Electeo-dynamometeb. This in- 
strument, which may be used to measure either direct 
or alternating currents, depends for its action upon 
the mutual attraction or repulsion which takes place 
between adjacent parts of a circuit (§ 69). It (Fig. 
IBO) is constructed with three coils of wire, two of 
which (each consisting of several turns) are fixed, while 
the other, which encloses the fixed coils, and has only 
three or four turns, is movable. 

Fig. 149 illustrates the action of the instrument 
diagrammatically. The movable coil AB C D is sus- 
pended by a thread and helical spring S 8 from a 
thumb-screw T S, and its ends dip in mercury cups 
MG: E F G H is one of the fixed coils ; both coils 
being represented by one turn only. Only one of 
the fixed coils, and two terminals are represented, for 
simplicity's sake. The coils are connected up in series, ' 
and when at rest, the movable coil is at right angles to 
the fixed coil. 
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The two fixed coils (Fig. 150) are of a different namber 
of turns, of thick and thin wire respectively, and admit 
of two ranges of measarements being made with one 
inBtmment ; small currents being measured on the thin 
wire coil, and larger currents on the thick wire coil. 



T + 

Fig. 149. DUgrfuu of Eleotro'Dynamo meter. 

The swinging coil can be connected in series with 
either of the fixed coils, according to the terminals 
used. The centre terminal is connected with the lower 
mercury cup, the left-hand terminal to the thick wire 
coil, and the right-hand terminal to the thin wire coil. 
The other ends of both fixed coils are connected with 



§ 144] SIEMENS' ELEOTBODYNAMOUETBB. 287 

the upper mercury cnp. One conductor from the circuit 
is always joined np with the centre terminal, and the 
other with either the right or left-hand terminal, ac- 
cording as the thin or thick fixed coil is required. 
The student should make a sketch, after the style of 
Fig. 149, to illustrate these connections. 



Fig. 150. Siemena' Bleotro-Dynamometer 

When the current to be measured passes through 
both coils, the movable one tends to turn against the 
tension of the helical spring, so as to place its plane 
parallel with the plane of the fixed coil. When the 
coil is deflected by the passage of a current, the 
thumb-screw T 5 at the top of the instrument, which 
is connected with the helical spring S S. is turned 
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in the opposite direction until the tension of the 
spring brings the pointer P, which is fixed to the 
movable coil, back to zero. The amount of this 
turning is indicated by the pointer p fixed to the 
milled head. When the coil is brought back to zero, 
(he current is proportional to the square root of the 
angle through which the spring has been twisted. The 
force of torsion of the spring is proportional to the 
angle of torsion, Le, to the amount it has been turned. 
The force of the current in turning the coil is pro- 
portional to the square of the current. Consequently 
the current is proportional to the square root of the 
angle of torsion of the spring as indicated on the dial. 

* 146. "Wattmeters. From what was said in § 33, 
it must be clear that the power absorbed in any given 
part of a circuit may be ascertained by connecting a 
voltmeter to the points between which is the part of 
the circuit under consideration, at the same time 
inserting an ammeter in the circuit. Then the pro- 

* duct of volts X amperes = watts. 

"Wattmeters are instruments which may be de- 
scribed as combined am- and voltmeters, and which 
more or less directly indicate the power used up in 
a circuit. As in the ohmmeter and dynamometer, 
there are two coils or sets of coils, one of which is 
fixed and the other movable. Lord Kelvin's watt- 
meters are somewhat similar in construction to his 
current balances (§ 143). 

* 146. Siemens' Wattmeter. The principle of 
this instrument is indicated by the diagram Fig. 151 
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C is a coil of thick wire, which is free to tarn against 
the torsion of a helical spring S S, on which it is sus- 
pended, as well as by a thread, as in the dynamometer : 
C is connected, throngh mercury cups MC, with the 
terminals T, and T^. Inside C is a fixed coil V of 
fine wire, the ends of which are in connection with the 



Fig. 181. Diagr&m of Siemen's Wattmeter. 

terminals T, and T^. The coil C has a pointer P fixed 
to it, which indicates the amount of its movement 
upon the scale. 

The normal position of the coil (7 is as shown in 
the figure, i.e., its axis is at right angles with the 
axis of the fixed coil V. It is evident that if both 
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coils carry current, the coil G will tend to turn so 
that its internal field shall lie parallel with the in- 
ternal field of the coil V. To use the instrument, T^ 
and 7*2 are joined up in the main circuit, so that the 
whole X5urrent passes through the coil C as if it formed 
an ammeter coil, this being the reason it is wound 
with thick wire. The terminals Tg and 3^4 are joined 
up with the two points of the circuit between which it 
is desired to measure the power or rate of working; 
for instance to the terminals of a lamp L. The coil V 
thus acts as a voltmeter coil, and this is the reason for 
winding it with fine wire (§ 125). The coil V carries a 
current which is proportional to the volts at its 
terminals, while the coil C carries the main current. 
The force of turning exerted by the coils is propor- 
tional to the products of the strengths of currents in 
them ; but as we said just now, the current in Fis 
proportional to the volts : consequently the amount of 
turning of V is proportional to the product volts x 
amperes, i.e. watts. Siemens' wattmeter is very similar 
in appearance to the electro-dynamometer (Fig. 160). 

147. Swinbuene's non-inductive Wattmeteb. The 
special object of this instrument is to measure power 
in alternate current circuits. The main current passes 
through two fixed coils of copper strip, while the 
pressure is applied through a high non-inductive re- 
sistance to a small suspended coil having about 70 
or 80 turns of very fine wire. This non-inductive 
resistance must be employed, otherwise the constantly 
alternating current would, owing to the self-induction, 
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considerably alter the trae value of the indications of 
the instrnment. The fields produced by the large and 
small coils being at right angles, and the small coil 
being between the two large ones and in the centre ; 
it can be shown that the torsion needed to keep the 
small coil in its normal position, by twisting the top 
of the suspending wire is proportional to the mean 



Fig. 152. Swinburne's Wattmeter. 

pTodnot; of the two currents ; and as, on account of thd 
negligible self-induction of the fine wire coil, and the 
large amount of non-inductive resistance in series with 
it, the current which passes through it is proportional 
and practically in step with the pressure on it ; the 
torsion is proportional to the watts used between the 
two points tested. The current taken by the small 
coil is from ^ to -j^ of an ampere, and for over 100 
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Tolts, separate outside resistances have to be used. In 
Fig. 153 one of the fixed coils is removed to allow the 
small movable coil to be seen. 

The difference between the Siemens and Swinburne 
wattmeters is that the coils are different in shape and 



Fig. 1B8. Swinljurne'B Wattmeter {cover and one eoil removed) 

differently disposed. In the Swinbnme instrument, 
the filed coils carry the main current, and the moving 
coil the pressure current. 

The diagram (Fig. 1B4) shows how the instmment 
should be connected for use on say 2,000 volt mains. 
D is the dynamo, W the wattmeter, and R, B, two 
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non-indnciiye resistances of about 100,000 ohms each. 
P represents the circuit whose power is to be measured. 
The main current from the dynamo runs through the 
fixed coils of the wattmeter before going to the circuit 
P. The resistances, which are apart from the wattmeter 
in this case, in order not to have any great difference of 
potential within the instrument itself, are joined up 
in series with the suspended coil, and connected 
voltmeter fashion with the two points of the circuit 
under test. 

Fig. 152 shows the exterior of the instrument. The 




Pig. 154. Connection of Swinburne's Wattmeter to Circnit. 

milled head, pointer, and sccile serve to bring the 
suspended coil to its normal position, and to measure 
the angle of torsion indicating the watts. The win- 
dow in front illuminates another pointer fixed to the 
suspended coil, so that by looking down from the top 
of the instrument through a hole directly above the 
window, the operator can see when this pointer (and 
therefore the coil) is at zero. The four terminals in 
front can be used for three different pressures from say 
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20 to 100 volts without external resistances; above 
that pressure the resistances become too large to in- 
sert in the base, and they have then to be put in 
separate cases, as in Fig. 164. 

Fig. 153 shows the interior with one of the fixed 
coils removed. These coils slide on four horizontal 
parallel rods, and are screwed together by nuts, so 
that several pairs of coil can be supplied with each 
instrument, giving a great current as well as a great 
pressure, range ; and at the same time great sensitive- 
ness. The suspending wire is of 3 mil phosphor 
bronze, and a similar wire is taken from the bottom to 
a spring, which keeps both wires taut, and this makes 
the instrument less affected by bad levelling than 
when mercury cups are employed. A screw in the 
base serves to take the tension off, and at the same 
time to clamp the suspended coil between two stops, 
so that the instrument is perfectly portable. 

Swinburne's "U"-type wattmeter is on the principle 
of the instruments described in § 134, and has already 
been briefly alluded to. 

148. EECORDixa Am- and Voltmeters. In certain 
cases it is necessary or useful to have a permanent 
record of the current or pressure in a circuit during an 
extended period, say 24 hours ; such record showing 
every variation, and the time of its occurrence. Instru- 
ments for this purpose are called recording ammeters or 
voltmeters^ and an example of each kind, working on 
the hot-wire principle, and therefore available for both 
direct or alternating currents, is shown in Figs. 156 
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and 156. These instraments were devised by Major 
Holden, B.A., and are made by Mr. Pitkin. 

The current (which is proportional to the amperes 
01 volts as the case may be,) passes through stretched 



Fig. 15a. Eecording Voltmeter. 

wires at the top of the apparfttns, and heats them to 
a greater or leas extent, the sag thus brought about 
allowing motiou of an arm or pointer which ter- 
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minates in a pencil. A chart, divided by horizontal 
and vertical lines into voltage (or current) and time 
divisions, is mounted on a dram D, containing clock- 



Fig. 156. Eecording Ammeter. 

work, which rotates it once every 24 hours. The pencil 
at the end of the arm bears against the paper, and 
thus a continuous line is drawn across the chart 

In the recording voltmeter (Fig. 165), £ is a brass 
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bracket, on which are two pivoted insulating rollers 
R and 2?'. Fine wire of special alloy, made for strength 
and durability, is wound several times round R and J?', 
its ends being connected with the terminals T and T\ 
A smaller roller r of insulating material rests on the 
lower turns of wire, and when the latter sag owing 
to the heat developed by the current, r, which is linked 
to a small lever on the axle of the pointer or pencil, 
allows the latter to move by its own weight across 
the recording sheet. The current, the sag, and the 
deflection of the pencil are thus all three proportional 
to the pressure at the terminals. There is also an 
arrangement for compensating for changes of tempera- 
ture other than those brought about by the current. 

The recording ammeter is very much the same in 
principle, except that the current, instead of going 
round the various turns of wire in series, as in the 
voltmeter, divides between them in parallel. The 
wire is wound around TT' the terminals, and B R 
the rollers, as shown in the figure. 

149. Summary. The measurements principally dealt 
with in this chapter are those of resistance, pressure, 
current, and power. 

E.M.F. or P.D. (or pressure) is measured indiiectly 
by a potentiometer, and directly by a voltmeter. Thus 
a direct-reading instrument is one which, when joined 
in circuit, at once indicates the required value. Pressure 
and its variation may be recorded on a recording 
voltmeter. 

Current is indirectly measurable by various forms 
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of galvanometers, provided they have been previously 
calibrated, and a calibration curve obtained. The 
current balance and electro-dynamometer are also 
indirect measurers of current. Ammeters measure 
currents directly. Current and its variation may be 
recorded on a recording ammeter. 

Most of the methods of measuring resistance (substi- 
tution, diflferential galvanometer, Wheatstone and slide- 
wire bridges,) are indirect ; but the ohmmeter is a direct- 
reading instrument, although indirect in principle. 

An indirect but handy method of measuring the 
power in a continuous current circuit or part of a circuit, 
is by means of the combined use of an ammeter and 
voltmeter. Wattmeters are direct measurers of power. 

All voltmeters may be classified under three heads, 
according as they are electrostatic^ hot wire, or electro- 
magnetic. Most ammeters belong to the latter class, 
though there are a few which come under the second 
heading. There are, of course, no electrostatic am- 
meters. The controlling force of the majority of 
instruments is gravity, but many depend upon the 
torsion of a spring or flat strip to bring the movable 
part back to zero. 



CHAPTER Vn.— QUESTIONS. 
.In answering these questions^ give sketches wherever possible, 

♦1. What are the principal measurements necessary in elec- 
trical work ? 

2. Give an ideal sketch and explanation of the instrument 
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and method for the determination of the Board of Trade 
standard of current. 

3. Define the Board of Trade standards of pressure and 
resistance. 

^4. What are standard resistance coils, and how are they 
constructed ? 

♦5. How would you wind a coil so that it should have no 
inductance? Give reasons. 

*B. Show hy a sketch how resistance coils are generally 
mounted. 

*1. Give reasons for using a shunt to the galvanometer in 
Fig. 86. 

*8. Which is the quicker method of measuring resistance, by 
substitution or with a differential galvanometer : and why ? 

9. A constant non-polarising batter^'- is necessary, for the 
substitution method, but is not essential for the differential 
galv. method of measuring resistance. Thus a Leclanche 
battery will suffice for the latter test, but not for the former. 
Give reasons for these statements. 

*10. Give a diagram of the Post Office form of Wheatstone 
bridge, showing the connections. [Prel. 1B95.] 

11. Describe in your own words the theory of the Wheatstone 
bridge. 

12. In Wheatstone or metre bridge measurements, why is it 
necessary to close the battery circuit before closing the galv. 
circuit ; and to open the latter before the former ? 

18. What are the essentials in a galv. to be used in the 
measurement of resistance by substitution, or by the Wheat- 
stone bridge ? 

14. Sketch the connections of a Wheatstone bridge, showing 
how it is connected to the resistance to be measured. [Ord. 1894.] 

15. Describe the construction, and two methods of use of the 
metre bridge. 

16. In what respects does the slide- wire bridge differ from the 
Wheatstone bridge ? 

\7. What values of resistance are the metre bridge, Wheat- 
stone bridge, and ohmmeter respectively adapted for measuring ? 
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18. In a WLeatstone bridge measurement, if the resistances 
in the arms 6, a, and It (Fig. 92), are respectively 1000a>, lOOtu, 
and 565a> when balance is obtained, what is the value of the 
unknown resistance x ? 

19. In a slide- wire bridge measurement, if (Fig. 93) the 
known resistances a', &, and R/st,re 5, 10, and 5a>, and the lengths 
of the divisions a and li of the slide wire respectively 57 and 
43, wbat is the value olx? 

20. What is the construction of an ohmmeter? [Ord. 
1895.] 

21. Draw a diagram of, and explain concisely the principle of 
the ohmmeter. 

22. Explain how you would- measure the insulation resistance 
between the + and — leads of a circuit by means of an ohm- 
meter. 

23. In how many ways could you measure the resistance of a 
wire? 

24. You are required to fit up on a bench certain apparatus 
whereby E.M.F., P.D., and current may be measured by the 
potentiometer method. Describe the apparatus required, and 
give a sketch of the arrangement of the same, indicating clearly 
the difference in the connections for the different tests. 

*216, Sketch and describe the construction of the ordinary and 
astatic detector galvanometers. 

*26. Sketch some form of reflecting galvanometer with moving 
needle, and say why reflecting galvanometers are so much more 
sensitive than non-reflecting ones. 

*2^. Sketch your idea of a lamp-stand, lens, and scale for use 
with a mirror galvanometer. 

*28. Describe theHolden-D'Arsonval galvanometer for use with 
direct currents, giving one sketch only. 

29. Explain the principle of the tangent galvanometer. 

30. Describe any form of portable testing apparatus with 
which you are acquainted, and say what tests may be performed 
with it. 

^1. How would you test the insulation in a building you had 
wired? [Prel. 1896.] 



QUE8.] QUESTIONS, 301 

^2. What is the difierence between an ammeter and a volt- 
meter ? 

*33. In using ammeters and voltmeters, how should they be 
joined up with the circuit ? 

*tSi. What influence has a change of temperature upon the 
resistance of a wire P 

*35. What are hot-wire instruments ? 

^6. Sketch and describe the action of the working parts of the 
Cardew voltmeter. 

*37. State the principles on which the Cardew voltmeter is 
based. [Prel. 1894.] 

38. Can ammeters be constructed on the hot-wire principle ? 
Give reasons for your answer. 

*3d. Sketch and describe the working parts and action of the 
Holden, Drake, and Gorham cell-tester. 

40. Describe the principle of Ayrton and Perry's twisted strip 
instruments. 

4L Describe the action of Lord Kelvin's vertical and hori- 
zontal electrostatic voltmeters ; and say why these and similar 
instruments are so well adapted for the measurement of high 
differences of potential. 

42. Describe and give a full-size hand sketch of one of the 
modem kinds of electrostatic voltmeters. [Ord. 1895.] 

43. Explain clearly the difference in construction between the 
Swinburne, and Ayrton and Mather electrostatic voltmeters. 

♦44. Sketch and describe the principle of Evershed's gravity 
instruments. 

♦45. Give a sectional sketch and a description of Ayrton and 
Perry's spring ammeter. 

46. Why is it that, as a general rule, ammeters and volt- 
meters constructed for use in direct-current work are not 
adapted for alternating current work ? 

47. Name any voltmeters you know of that will do for both 
direct and alternating-current work without any modification, 
and say why such is the case. 

♦48. What is generally the difference between voltmeters and 
amperemeters of the same type ? [Prel. 1895.] 
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•49. Describe Paterson and Cooper's " PhcBniz '* ammeter. 
60. Make a list of those ammeters or voltmeters in which the force of 
Sfravity is pitted against the action of the carrent, and give simple sketches 
of the moving parts of each kind. 

51. Sketch some form of gravity ammeter or voltmeter. [Ord. 1890.] 
*62. Describe the Holden, Drake, and Gorham ammeter. 
•53. Sketch and describe the mode of action of the Schnckert instra- 
ments. 

54. In such an instmroent as the above, if the armature is very short 
relatively to the length of the coil, it depends upon the position of the 
armature whether it will be attracted to the centre (axis) or side of the coil. 
Why is this ? 

55. Sketch the details of any good form of instrument for measuring the 
strength of an electric current. [Ord. 1891.] 

56. Describe and sketch some form of amperemeter of a type which does 
not depend on the magnetization of iron. [Ord. 1894.] 

^57. Describe the working parts of the Walsall instruments. 

58. Describe and illustrate by hand sketches the construction of Lord 
Kelvin's (Sir William Thomson's) ampere balance. [Ord. 1893.] 

59. Give a diagrammatic sketch and explain the action of the electro- 
dynamometer. 

60. Explain the construction and action of Siemens' electro-dynamometer, 
and show why the current is proportional to the square root of the scale 
reading. [Ord. 1892.] 

61. Explain how you would measure a current by the electro- dynamo- 
meter. 

•62. Explain clearly the difference between ammeters, electro-dynamo- 
meters, and wattmeters. 

63. Redraw and add to Fig. 149, showing two fixed coils and three 
terminals, as in the actual apparatus (Fig. 150). Represent each coil by one 
turn only, and explain the use of the different terminals. 

64. Describe a wattmeter. [Ord. 1891.] 

65. Show how Siemens' and Swinburne's wattmeters differ from each 
other. 

66. How can a continuous record of the current or pressure in a circuit be 

kept? ^ " 

67. Describe some form of ammeter or voltmeter that is not mentioned in 

this chapter. 

68. Draw up a list of all the current and pressure measurers described in 
this chapter, and classify them under the following he&dB :— hot-wire, 
electrostatic, electroinagnetic, conProlling force, and say of each type 
whether it requires modification for alternating current work. 

69. Give a sketch, roughly to scale, showing parts full size, of a d' Arsonval 
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galvanometer, and describe particularly how the current flows through it. 
[Ord. 1896.] 

70. Briefly describe the Clark standard cell. [Ord. 1896.] 
*71. What is the difference as regards constmction and use, between an 
ammeter and a voltmeter ? [Prel. 1897.] 

72. The key for a Wheatstone's bridge makes two contacts in snccession. 
What are the circnits that are closed by each of these contacts, and is there 
any reason for closing one before the other ? [Ord. 1897.] 

73. What forms of ammeters and voltmeters are likely to be affected by 
neighbouring current drouits — for instance, those on a switch-board — and 
what are the forms that are practically unaffected ? [Ord. 1897. J 

74. What are the special advantages and disadvantages of electrostatic 
voltmeters as compared with current voltmeters ? Describe in detail some 
form of electrostatic voltmeter that is suitable for use in a central station. 
[Ord. 1897.] 

*75. Give a diagram of the connections of a resistance set, such as is used 

in the testing of the insulation of hous^-wiring. [Prel. 1898.] 

^6. Describe the construction and use of a wattmeter. Give sketches. 

[Prel. 1898.] . * , 

77. Give the particulars of a resistance frame of two ohms to carry 10 
amperes, with sketches of the principal dimensions. [Ord. 1898.] 

.78. Describe, with sketches, some form of moving-coil voltmeter. What 
are the advantages of this type ? [Ord. 1898.] 

79. Describe a good form of voltmeter for use on an alternating current 
system. [Ord. 18^.] 

*80. Describe, with sketches, some form of accurate portable testing set 
used for measuring the insulation resistance of an electno light installation. 
[Prel. 1899 and 1900.] 

*81. How does a voltmeter differ from an ammeter in its construction and 
use i What sort of resistance may be given to a voltmeter used with a single 
accumulator ? [Prel. 1899.J 

82. Describe, with rough dimensional sketches, a good form of standard 
resistance having a value of 0001 ohm, and explain how it is used in the 
measurement of large currents. [Ord. 1899.] 

83. Describe the construction and use of a wattmeter, and state what are 
the important points to be attended to if the wattmeter is to be used on an 
alternate current circuit. [Ord. 1900.] 

84. Give a detailed account of the complete method of constructing a per> 
manent magnet to be used in a moving coil ammeter. [Ord. 1900.1 

85. A specimen of insulated conductor, about 100 ft. long, is submitted to 
you to test. It is said to have an insulation resistance of 2,000 megohms 
per mile after soaking in water for twenty-four hours, and when tested at 
600 volts at a temperature of 60° F. Describe exactly how you would as- 
certain whether this was true, and mention all the precautions you would 
adopt to avoid errors. [Ord. 1900.] 

*86. What is a wattmeter, and what does it measure ? Give sketches 
showing some form of wattmeter suitable for use in a workshop. [Prel. 
1901.] ^ 



804 ELBOTBIO LIGHTINO, ETC. [chap. toi. 



CHAPTER Vm. 

Thefiguret refer to the numbered pttragrttpht. 

Principle of the Dynamo, 150. The difforent kinds of Dynamo, 151. 
Electio-magnetio Induction, 152. Simple Alternator, 158. 
Simple Direct-Current Dynamo, 154. Hand Dynamo, 155. 
Different kinds of Armatnre, 156. The Gramme or Bing Arma- 
ture, 157. The Cylinder Armature, 158. The Drum Annature, 
159. Driving of Armature Conductors, 160. Disk Armatures, 
161. Winding of Armatures, 162. phoice between Bing and 
Drum Armatures, 163. Lamination of Armature Cores, 164. 
Field Magnets, 165. Single-Magnet Machines, 166. Double- 
Magnet Machines, 167. Multipolar Machines, 168. Excitation 
of Dynamos, 169. Action of the Bing Armature, 170. Lead of 
Brushes, 171. Winding of Drum Armatures : Connectors, 172. 
Cross-connection of Four-Pole Armatures, 173. Open-Coil 
Armatures, 174 Sparking of Dynamos, 175. Construction of 
Commutators, 176. Construction of Bookers and Brush-Holders, 
177. Brushes, 178. Constant-Potential and Constant-Current 
Dynamos, 179. Questions^ page 359. 

* 160. Pbinciple op the Dynamo. It was explained 
in § 60 that when a conductor is moved in any 
magnetic field, across the lines of force, an E.M.F. is 
set up in the conductor, which will give rise to a 
current if the conductor forms part of a closed circuit. 
This is the principle of most dynamos, which may be 
generally defined as machines for developing electro- 
motive force, or difference of electrical potential, by 
the movement of coils of wire in magnetic fields. 
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* 151. The different kinds of Dynamo. Dynamos 
are divided into two principal classes, continuous current 
dynamoSf and alternating current dynamos or alternators. 
Continuous, or, as they are sometimes called, direct 
current dynamos^ consist essentially of three parts : — 
(a) The field magnet or magnets which furnish the 

magnetic field in which the armature rotates, 
(ft) The armature^ consisting of coils of wire which 
are rotated in the magnetic field of the field 
magnets, and thus have electromotive force in- 
duced in them ; and 
(c) The commutator, an arrangement whereby the 
electromotive forces which are developed in 
alternate directions in the armature coils, are 
rendered unidirectional, and thus give rise to 
- direct currents in the external circuit. 
Alternators have also field magnets and an armature, 
but in place of a commutator, devices called collectors 
are employed, which consist siniply of insulated rings 
upon the armature shaft. A commutator is not neces- 
sary in an alternator, as it is intended that the alter- 
nating electromotive forces induced in the armature 
coils shall be delivered as such to the external circuit, 
and so give rise to an alternating current. In more 
technical language, the alternating electromotive forces 
are impressed*on the external circuit. It will thus be 
seen that all direct current machines are really alter- 
nators whose currents are rectified or rendered uni- 
directional (f.6., sent in one direction,) by means of a 
commutator. 
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* 152. Electro-maonetic Induction. Let us first of 
all consider a simple case of electro-magnetic induction. 
In Fig. 157, N 8 are the poles of two bar magnets set 
close together, but not tonching : a 6 is a wire forming 
part of a closed circuit which includes a galvanometer 
G. If a i is moved downwards across the magnetic 
field between the poles N and /S, an E.M.P. will be in- 
duced, which will give rise to a current in the direction 
from a to J), If a 6 is below the field, and is then 
moved upwards, a current will be set up in the opposite 
direction, viz, from & to a. The student should verify 




Fig. 157. Electro-magnetic Indnction. 

for himself these and following statements as to the 
direction of induced currents, by applying the left-hand 
rule (§ 63). 

* 153. Simple Altebnatob. In Fig. 158, a & c d is a 
simple coil of wire of one turn, fixed to the spindle S, 
by means of which it may be rotated in the magnetic 
field N 8. The ends of the coil are fastened each to an 
insulated metal ring r on the spindle, and against these 
collecting rings press the metal spnngs or brushes B jB', 
which lead the currents round the external circuit. 
Let us suppose first of all that the coil is in the position 
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shown in the figure, and that it is given a half turn in 
the direction shown by the arrow. One-half a 6 of the 
coil will descend across the field, while the other half c d 
will ascend. The induced electromotive forces will give 
rise to currents from back to front in a 6, and from 
front to back in c d. The currents, or rather the 
electromotive forces in the two halves of the coil will 
thus act together, and a current will flow round the 




Fig. 158. Simple Alternator. 

external circuit from the brush B to the brush R. 
When the coil has made one half-turn, that is, when 
a & is at the bottom and c (2 at the top, a b will begin 
to ascend across the field to its first position, while 
c d will descend ; the induced electromotive forces will 
thus be in a direction from front to back in a &, and 
from back to front in cd; that is, in the opposite direc- 
tion to the first E.M.Fs. ; a current will consequently 



308 ELECTBIO LIGHTING, ETC. [cHi.p. viii. 

flow round the external circuit in the opposite direc- 
tion, viz, from B' to B, Thus it will be seen that for 
every complete revolution of the coil, two currents, in 
opposite directions, will be sent round the external 
circuit: and if the coil be continuously rotated, an 
alternating current will be set up. The ends of the 
coil a c and 6 d will have no E.M.F. induced in them, 
as they are merely slipping between the lines of force, 
and consequently do not cut them. 

Alternating currents and alternators will be dealt 
with in Chapters XI. and XII. respectively. 

* 154. Simple Dirbot-Currbnt Dynamo. Fig. 169 
represents a simple coil of wire abed capable of rota- 
tion on the shaft ^ « in the magnetic field between 
N and S. The ends of the coil, instead of being joined 
to collecting rings as in the case of the simple alternator 
described in the preceding paragraph, are connected 
each with one-half of a split metal tube mounted on, 
but insulated from the spindle and each other by means 
of the boss e, which is made of hardwood, ebonite, or 
other insulating material. This arrangement is called 
a two-part commutator^ and the brushes are arranged 
so as to press on exactly opposite points of it ; this 
ensures that they shall never be pressing on the 
same segment or part of the commutator at the same 
time. * 

Starting with the coil in the position shown in the 
figure, and rotating it in the direction indicated by the 
large curved arrow, electromotive force will be induced 
in a direction from back to front in a 6, and from front 
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to back in c d. This will continue while the coil is 
making one half turn, and as during that time the end 
a of the coil is connected through segment S of the 
commutator with the brush B + , while the other end 
of the coil is connected with brush jB- through the 
segment S\ a current will flow round the external 
circuit in the direction shown by the arrow. 

As was explained in the preceding paragraph, as 
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JFig. 159. Simple Direct-Carrent Dynamo. 



soon as the coil begins its second half revolution, 
electromotive force is induced in the opposite direction ; 
but in the present case it will be seen that as soon as 
the direction of the^E.M.F. changes, the connection of 
the coil with the external circuit is reversed by means 
of the commutator, the brush -B+ being then in 
contact with &\ and the brush B - with jS. The re- 
sulting current therefore flows round the external 
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circuit in the same direction as before. As soon as the 
coil regains its first position, the commutator once more 
reverses its connection with the outer circuit. 

In this and in most other armatures, the brushes 
are fixed almost end on to the commutator. In order 
therefore to prevent the brushes from catching, the 
spaces between the conducting segments are filled up 
with mica or other suitable non-conductor. This is 
not shown in Fig. 159, but will be understood from 
Fig. 184. 

In Figs. 1B8 and 169, a coil of but one turn is shown 
for the sake of simplicity, but an increased E.M.F. 
will be obtained by having a coil of several turns, and 
joining its two ends to the collecting rings or to the 
commutator, for this increases the length of the con- 
ductor acted upon by the lines of force. In fact, the 
E.M.F. (E) induced in the coil or armature may be 
increased in either of three ways : — 

(i.) By increasing the number of turns, i,e, the 

length (L). 
(ii.) By revolving the coil at a greater rate (V). 
(iii.) By strengthening the magnetic field (H)» 

This latter may be accomplished either by increas- 
ing the strength of the field-magnet N S, or by wind- 
ing the armature on an iron core. The effect of in- 
troducing this iron core is to reduce the reluctance of 
the space between the field-magnet poles, and thereby 
to increase the flux through the armature for a given 
magnetic force in the field magnets. 
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The simple equation which expresses these facts may 
be -written : — 

E a LxHxV 
indicating that the E.M.P. is directly proportional to 
the length of conductor on the armature, to the 
strength of the field, and to the velocity with which 
the conductor cuts the lines of force of the field, 

* 155. Hand Dynamo. The student must clearly 



Fig. 160. Hand Dynamo. 

understand that Figs. 158 and 159 represent the 
action of dynamos dia grammatically, and that practical 
machines are necessarily complex in design. Fig. 160 
illustrates a dynamo* on the same principle as that 
just described, but having a coil of many turns wound 
' Made hy the Crypto Works Co>, Clerkenwell, London. 
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on an iron core shaped like a shuttle. This kind of 
armature, known as the Siemens^ H or shuttle armature^ 
is a great favourite with amateurs because of its ease 
of construction, but it is very little employed in prac- 
tical machines. A description of the dynamo will, 
however, be of interest to the student. 

J^ilf is an electro-magnet made in two halves for 
convenience in winding, and bolted together at the 
yoke. The magnet is provided with pole pieces P P\ 
which are so shaped as to almost enclose the arma- 
ture. For certain reasons, which will hereafter be fully 
explained (§ 164), the iron core of the armature is not 
solid, but is built up of thin iron stampings which are 
threaded side by side on to the spindle of the machine, 
and tightly clamped together. The coil is connecbed 
with a two-part commutator. Fig. 161 shows the 
armature core unwound, and also the two-part commu- 
tator. The brushes are held in the brtish-holders h 6, 
the latter being supported on, but insulated from the 
rocker i?, which allows of their being adjusted at any 
angle. R is tightened in position by means of' the set 
screw seen in the figure. 

The machine, like most others that will be presently 
described, is a true dynamo, in that it is self -exciting^ 
i.e., it furnishes the current for its own F.M. When 
a dynamo is first run, it is necessary to separately 
excite the F.Ms, by current from a battery or from 
another dynamo. After having once been excited, 
the F.Ms, retain a certain amount of residual mag- 
netism. This residual magnetism provides a very 



« 155] HAND DYNAMO. 313 

weak field, and the annature in revolving oonseqnently 
generates only a comparatively weak current, but aa 
this current is led round the F.Ms. {§ 169) it strengthens 
them, and so provides a stronger field, and the arm&- 
tiire therefore generates a stronger current. And so 
the process goes on until the F.Ms, get excited to their 
full strength. In large machines, this operation may 
take a minute or even more. 
The machine being shttnt-wound (§ 169). the ends of 



Fig. 161. Iron Core of Shuttle Armature. 

the F.H. coils, as well as the brushes, are connected 
with the terminals at the top. From these, wires 
are led to two bent brass pieces between which are 
slung four incandescent lamps. The driving wheel 
axle is so arranged that when the belt gets loose, it 
may be tightened by moving the axle to the left in the 
slot S in the stand. This model is very convenient 
for illustrating incandescent lighting, the usual size 
being fitted with ten-volt lamps ; but of course the 
corrent may be used for other purposes. 
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* 156. Different kinds of Armature. Direct- 
current dynamo armatures are of four principal kinds : 
— (a) ring ; (6) cylinder ; (c) drum ; and {d) disk, Bing 
armatures are those in which the coils are wound 
around and through a ring built up of soft annealed 
iron plates or wire. A cylinder armature is an 
elongated ring armature. A drum armature is one in 
which the coils are wound from end to end upon the 
face of a cylinder or drum, which is built up of disks 




Pig. 162. Four-part Bing Armature. 

of soft iron threaded upon the armature shaft. Disk 
armatures are of two kinds, according as they are for 
use in alternators or direct-current machines. In the 
latter case the coils are wound radially around a disk 
of soft iron wire or ribbon ; forming in fact, a kind of 
flattened ring armature. (§ 161.) 

Alternator armatures will be considered in Chapter 
XII. 

* 167. The Gramme or Rtno Armature. The prin* 
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ciple of the Gramme or ring armature (so called from 
the name of the first maker,) is illnstrated in Fig, 
162. J? is a ring which is bnilt up by clamping 
together a number of annealed soft iron pieces shaped 
like very large washers. This part is called the 
armature core. The method of fixing the core to the 
shaft or axle is omitted for the sake of simplicity. For 
the same reason only four coils are shown, whereas in 
reality the whole of the core would be covered with 



fig. 163. Fig, 164. 

Parte of Joel Bing Armatare. 

ooila. The end of one coil is generally, as in this case, 
joined to the beginning of the next, and the junction 
between each pair of coils is connected with a separate 
commutator segment. The number of commutator 
segments thus depends upon, and is equal to the 
number of coils, on an armature of this kind. 

Fig. 163 shows an actual ring armature with part of 
the core removed, so as to expose the armature core- 
plates and the gun-metal spider by which they are 
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faatened to the shaft. Fig. 164 shows a portion of the 
core wound with coils, and also a separate coil. The 
coils are separately wound, and threaded on to the core 
one after the other. The particular armature shown 
in the figure is or was used in the Joel dynamo, and 
its iron core was of special construction, enabling 
segments of it, together with the coils, to be removed 
for repair, etc. 

As a rule the iron core-plates are in one piece, one 
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Fig. 166. Armature Core-Plato and Spid«r. 

form being shown in Fig. 165, where cp is a core-plate 
with notohes nnn cut on the inside edge. At the 
right hand of the figure is represented an end view of 
the shaft and "spider" on which the core-plates are 
mounted. 8 is the shaft, and 6 S the " spider," which 
is made of gun-metal or other uon-magnetio metal. 
This spider has three radial arms, a a a, the extremities 
of which are shaped to fit the notches in the core- 
plates. In the drawing, the ends of these arms as well 
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as the slots in the core-plates are somewhat ex- 
aggerated in size. 

* 158. The Cylinder Armaturb. The cylinder 
armature is merely an elongated ring armature, its 
length along the shaft being great compared with its 
diameter. 

It will be seen later on that it is only the outer 
portions of the coils on a ring or cylinder armature 
that cut lines of force, the inner portions doing no 
work in this way, while the extra resistance diminishes 
the current that can be safely taken from the armature 
without the latter overheating. These inner turns of 
the wire on an armature, as well as those parts at the 
end which slip between, but do not cut lines of force, 
are often called idle wire, 

* 159. The Drum Armature. Fig. 166 illustrates 
the coil connections of an ordinary drum armature. S 
is the shaft, the front end being cut away to show the 
commutator segments more clearly. G is the core, 
made up of thin soft iron plates, which are often fixed 
directly to the shaft without the use of a spider. 

Fig. 167 shows a core-plate with an hexagonal hole 
stamped in it ; the part of the shaft S on which the 
plates are mounted is shaped so as to fit the core- 
plates ; magnetic contact between the two being pre- 
vented by the interposition of " leaves " or strips L 
of non-magnetic metal. There is thus no possibility 
of the core-plates slipping round upon the shaft, the 
consequences of which taking plaoo would be very 
disastrous to the coils. There axe various other 
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methods besides this of fixing the core-plates to the 
shaft : sometimes they are keyed on, and sometimes . 
they are held by a short-armed spider. 

Although, of course, the face of the armature does 
not touch the pole pieces as it revolves, there is a 
very considerable strain on it, caused by the reaction 
between the current in the armature coils and the 



Fig. 166. Drum Armature. 

magnetic field, the latter exerting a magnetic drag 
on the coils tending to stop their rotation, in accord- 
ance with Lenz's law (§ 65). If the coils and core- 
plates were not fixed firmly, this " drag " would cause 
both to slip round upon the shaft. By mounting the 
oore-plates in the manner shown in Fig. 167, it is im- 
possible for them to shift, and further, the face of the 
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core is sometimes slotted in a direction parallel with 
the shaft, and the coils wound in these slots. Thus both 
coils and core are driven direct from the shaft. In the 
figure, four of these slots are shown wound with wire. 
This method is extensively employed nowadays, and 
is further dealt with in § 181. 

In Fig. 166 only four coils are shown for the sake of 
simplicity, but in an actual armature the whole surface 
of the core would be covered with coils, (except in 
cases where the core is slotted, as just described,) and 




Fig. 167. Gore-Plate of Drum Armature. 

the number of commutator segments would correspond. 
Starting from segment 1, the coil ab makes so many 
turns (§ 162), and finishes at segment 2. From this 
starts the coil c (2, finishing at segment 3. Between 
segments 3 and 4 is the coil ef; and between seg- 
ments 4 and 1 the fourth and last coil ghia connected. 
Thus it will be seen, as in the case of ordinary ring 
and cylinder armatures, the end of one coil and the 
beginning of the next are connected with the same 
commutator segment. There is thus a complete 
circuit through ' all the coils. Such armatures are 
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sometimes called closed-coil armatures, to distinguish 
them from open-coil armatures^ in which each coil, or at 
least one end of each, has separate commutator seg- 
ments (§ 174). 

* 160. Dbiving of Abmatuee Conductobs. The 
driving of the armature conductors, on account of the 
" drag " which the field exerts on them, is an import- 
a^nt matter (Chaps. IX. and XIII.). One method, as 
already explained, is to cut slots in the core, and wind 
the conductor in the slots. Another method is to cut 
narrow slots in the core and insert strips or wedges of 
vulcanised fibre or even german silver, the conductor 
being wound between the ridges thus formed. 

* 161. Disk Abmatures. Disk armatures are of 
two kinds, (a) Those in which the coils are arranged 
on small bobbins fixed side by side round the circum- 
ference of a driving wheel ; and (6) those in which the 
coils cover not only the edge, but a good portion of the 
sides of the wheel or disk which carries them. The 
armatures of some alternators belong to the first class 
(Chap. XII.) ; while of the second class there were a 
few examples in old direct current machines. 

162. Winding of Armatures. The size of the 
wire on an armature, and the number of turns on 
any one armature coil depend upon the E.M.F. and 
output the machine is desired to have, and upon 
other circumstances which will be briefly considered 
in Chapter X. Except in one or two special cases, 
all the coils on an armature should have exactly the 
same number of turns. 
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163. Ohoiob between Eing aio) Dbum Armatuees. 
In § 168 we explained what is meant by idle wire. 
The relative amounts of idle wire on a ring or a drum 
armature affect the choice of either type. With 
armatures of great length and small diameter, drum- 
winding gives the least amount of idle wire; but in 
armatures of large diameter as compared with length 
(Fig. 214), a ring-winding gives less idle wire, and 
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Fig. 168. Lainination of Armature Core. 

is less trouble to build. Generally speaking, drum 
armatures are the most used. 

 164. Lamination of Akmatuhe Cores. Most 
armatures of direct current machines have iron cores, 
and the revolution of the cores in the magnetic field 
would, unless precautions were taken, causei currents 
to be induced in the core as well as in the armature 
coils, these induced currents completing their circuits 
and circulating in the core. Such currents, called 
FoucauU or eddy currents^ are detrimental in two ways. 
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Firstly, their generation absorbs energy and makes the 
dynamo all the harder to drive ; and secondly, they may 
heat the core so much as to injure the insulation of the 
coils. To prevent this, the core must be built up of 
thin laminsd or sheets of soft iron, in such a way that 
the iron is continuous in the direction of the lines of force, 
but discontinuous in the direction in which the eddy 
currents would tend to be set up, i.e., at right angles 
to the lines. This will be understood from a reference 
to Fig. 168, where ac is a shaft and armature core 
without any coils on, revolving in the magnetic field 
between the poles N. and S. of the dynamo. The 
primary object of the core is to aflPbrd the lines an easy 
path from the N. to the S. pole, and this object is 
attained, for the iron is continuous in that direction : 
while in a direction parallel with the shaft and at 
right angles with the lines of force of the field, i.e., 
the direction in which the eddy currents tend to be 
induced, thin insulation, frequently in the form of 
sheets of paper, is interposed between each pair of 
plates, this being quite sufficient to retard, if not stop, 
the generation of these eddy currents in the core. 

* 165. Field Magnets. Dynamos may be divided 
into four classes, according to the form of their field 
magnets. 

(1) Single-magnet (or single horseshoe) \ 

(2) DovbU-magnet (or dovble horseshoe)] ^^'P^ ^• 

(3) Four-pole. 

(4) Multipolar. Having more than four poles. 
Dynamos which belong to either of the first two 
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classes are called two-pole machines, to distinguish 
them from four-pole and multipolar machines. Nearly 
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all alternators belong to the fourth dass. (Chap. XII.) 
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• Direct current dynamos may also be classified under 
different heads, according to the way in which their 
field magnets are excited (§ 169). 

* 166. Single-Magnst Machines. A single-magnet 
dynamo is one in which the armature revolves between 
two salient poles N. and S., due to a horseshoe magnet. 
Fig. 169 shows six forms of magnet for single-magnet 
machines, the thick black parts representing sections 
across the wire coils. Fig. 169a is the form of magnet 
used in the Edison-Hopkinson machine (§ 188), and (with 
slight alterations) in a few other machines described in 




Fig. 170. Conseqnent Poles. 

Chap. IX. D is possibly the most common shape of 
magnet in single magnet machines. Dynamos having 
field magnets of the shape E, in which, by the way, the 
lower pole is a consequent one, used to be constructed 
by a Midland firm. F is a, section of the two-pole 
Lahmeyer machine, and type C is the form of F.M. 
used in the old Thomson-Houston arc dynamos, it being 
similar to -P in principle. 

* 167. Double-Magnet Machines. A double-mag- 
net machine is generally one in which two consequent 
poles are employed. A salient pole may be defined as 
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a single pole ; thus the poles of all the magnets shown 
in Chap. III. are salient poles : a ooosequent pole is 
formed by the junction of two or more like poles. 
Thus, if two horseshoe electro-magnets be placed with 
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Pig. 171, Field Hagnetaof Double-Magnet Dyaftmos. 

their like poles together, as shown in Fig. 170, we have 
a consequent N. and a consequent S. pole formed. 

Fig. 171 shows four forms of F.Ms. of double-magnet 
machines. A is the type of magnet used in the Man- 
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Chester and other dynamos. The B form differs from 
A in that there are two coils to each of the two mag- 
nets, instead of only one. The old type of " Norwich " 
dynamo, made by Messrs. Laurence, Scott & Co., had 
magnets of this shape. C is the same in principle as 
type B, except that the pole pieces are shaped differ- 
ently, and the whole magnet stands up on end ; this 
type was used in the old form of Siemens' direct- 
current machine. Type 2), in which it will be noticed 






Pig. 172. Field Magnets of Four-Pole Pynamos. 

that each magnet has three coils, was employed in the 
old Elwell-Parker machines, but is now quite ob- 
solete. 

In the early days of electric lighting many com- 
plicated forms of F.M. were used ; but the tendency 
has since been to make these as simple as possible. Of 
the two-pole forms shown in Figs. 169 and 171 , A and 
D (Fig. 169) and A (Fig. 171) are now the most used, as 
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will be seen on reference to the illustrations of actual 
machines in the next chapter. 

* 168. MuLTiPOLAE Machines. Multipolar machines 
are those in which the field is due to four or more poles. 
Two forms are shown in Fig. 172. The first example 
(A) has salient poles, and is employed in the Brush arc 
dynamo ^ (§ 196). The B type has consequent poles, 
this form being peculiar to a machine once made by 
Messrs. Ernest Scott & Mountain, but now quite ob- 
solete. Fig. 173, A and -B, shows sections of six and 
four-pole direct-current machines. Several examples 
of the latter will be found in Chap. IX. 

 169. Excitation of Dynamos. We now come to 
the classification of dynamos according to the methods 
by which their field magnets are excited. It must be 
remembered, however, that the way in which a 
dynamo is excited is quite independent'of the form of 
its field magnets. As most dynamos may be used as 
motors, the word machine is often used instead of the 
word dynamo. 

(a) Magneto machines are those in which permanent 
magnets are employed as F.Ms. This class, 
as far as electric lighting is concerned, is 
now little used; although one form, the De 
Meritens, is still employed for lighthouse 
work. 

(6) Series machine (Fig. 174a). In a series machine, 

' This is not a true four-pole machine, as the poles are not 
alternate. 
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the current starting from the + brush goes 
first through the field magnets and then 
through the external circuit, or vice versd. It 
follows, therefore, that the F.M. coils of a 
series machine must be wound with thick 
wire, otherwise the coils would overheat. 

(c) Shunt machine (Fig. 174b). In a shunt machine, 

the F.M. coils form a shunt to the external 
circuit, the current from the armature divid- 
ing between the two. The coils of a shunt 
machine must be wound with comparatively 
fine wire, otherwise an unduly large propor- 
tion of the current will flow round the F.M. 
circuit, instead of through the external 
circuit. 

(d) Separately ' excited machine (Fig. I74c). In a 

separately excited machine, the current for 
the field magnets is furnished by a smaU 
auxiliary dynamo, which is called the exciter. 
Most alternators have to be separately ex- 
cited ; separate coil or partially rectified 
cuirent alternators being exceptions (Chap. 

xn.). 

A compound machine may be defined as one in which 
the method of exciting th^ field magnets is a combina- 
tion of two simple methods. 

There are three kinds, viz. (e) series and separately 
excited machine; (f) series and short-shunt; and {g) 
series and long-shunt. 
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(e) Series and separately excited machine (Fig. 174d). 
In such a macliine the F.Ms, are wound with 
two distinct coils. One of these coils is con- 
nected up in series with the armature and the 
external circuit, as in the case of the simple 
series machine ; while the other is in circuit 
with a small auxiliary dynamo or exciter. 

(/) Series and short-shunt machine (Fig. 174e). In 
this case there are also two sets of coils on the 
F.Ms. One is of thick wire, and is in series 
with the external circuit, and consequently 
carries the main current ; while the other is 
of fine wire, joined up as a shunt to the 
armature. 

(g) Series and long-shunt machine (Fig. 174p). This 
method is very much the same as that just 
described, except that the shunt coil shunts 
not only the armature but also the series coil ; 
hence the term long-shunt. 

(Ji) Separate-coil machine (Fig. 174g). In such a 
machine, separate coils on the armature, 
which are joined up to a special commutator, 
furnish the current for the field magnets. 

By this last method it will be seen that an alternator 
may be made to excite itself. Such machines, how- 
ever, are not in extensive use. 

Dynamos excited by either of the methods J., jB, JB, 
Fy or G (Fig. 174), are termed self-exciting machines. 
The way in which a dynamo is to be excited depends 
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upon various circumstances, and will be considered 
later on as the question arises. The method in which 
a new dynamo is first excited was explained in § 166. 

170. Action op thb Ema Armature. In Fig. 175 
is represented the effect which the insertion of the 
core of a ring or cylinder armature has in distorting the 
magnetic field, which otherwise would pass straight 
across from pole to pole. In § 168 it was stated that 

c 




Fig. 175. Magnetic Field of Two-Pole Dynamo, with Bing or 

Cylinder Armature. 

one disadvantage of a ring armature lay in the fact 
that the inside turns of the coils were not instrumental 
in generating E.M.F., for they do not cut any lines. 
This will be clear from an inspection of the figure, 
where it will be seen that practically no lines pass 
through the hollow part of the core. If they did they 
would cause a counter or reverse E.M.F. to be induced. 
In ordinary closed-coU armatures (ring or drum) it will 
be remembered that the end of one coil is connected 
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with the beginning of the next, and so on all round, 
so that there is a complete closed circuit through the 
coils of the armature. In fact, a ring or cylinder 
armature may be considered to be simply a ring of 
iron wound round with a coil of wire, the ends of which 
are joined together; the commutator segments being 




Fig. 176. Circulation of Current in a Bing Armature. 

connected at equidistant points all round the coil, thus 
subdividing it. In Fig. 176 c, c represent the outer 
turns of the wire coils, the inner turns being omitted. 
As the armature revolves, the conductors on the right- 
hand side, which are descending across the field, have 
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E.M.F. induced in them in a direction from back to 
front ; while those on the other side, which are ascend- 
ing across the field, have E.M.F. induced in them from 
front to back. A few of the turns at top and bottom, 
which are merely slipping along but not cutting the 
lines, will have no E.M.F. induced in them. This 
action will be understood more clearly from Fig. 176, 
where a ring armature with a few coils, a commutator, 
and brushes, is shown. It will be clear that every coil 
on the armature has the direction of its E.M.F. changed 
twice every revolution. At any instant, the current 
due to the E.M.F. in all the coils on the right-hand side 
is flowing downwards, and such also is the direction of 
the current in the other half. In fact, the two halves 
of a ring armature, when revolving in the field, may be 
compared with two equal batteries with their + and — 
poles joined together (Fig. 177). When the batteries are 
left to themselves, no current at all will flow ; but if the 
points where they are opposed to each other be joined 
by a wire, they will act together in parallel with each 
other, and send a current round the circuit. Just so 
with an armature, if the brushes do not press on the 
commutator, the E.M.F. in one half of the armature 
will always be opposing the E.M.F. in the other half, 
and no current will flow round it. But if the outer 
circuit be connected, through the medium of brushes 
and commutator, with those parts of the armature 
where the E.M.Fs. of neighbouring coils oppose, the 
two halves of the armature will act together in parallel, 
and a current will flow round the external circuit. 
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In comparing the two halves of a ring armature with 
two batteries in parallel (Figs. 176 and 177), it must be 
pointed out that the comparison is not a perfect one, as 
the coils are not generating the same E.M.F. Con- 
sider, for instance, the right-hand side of the armature; 
the two coils just opposite the S in the figure are 
generating the greatest E.M.F., as they are in the best 
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Fig. 177. Analogae illastrating the Circulation of Current in a 

Bing Armature. 

position in the field ; the coils immediately above and 
beneath these are generating less E.M.F., the next coils 
above and below still less, while those at the top and 
bottom are not generating any, as they are cutting 
no lines of force. 

171. Lead of Brushes. The points on the com- 
mutator where the brushes should press are called the 
neutral points. If the field remained as in Fig. 175, 
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these points would lie on a diameter, called tlie diameter 
of commutation^ at right angles with a straight line join- 
ing the N. and S. poles of the F.Ms., supposing the ends 
of the ooils to be connected to the commutator segments 
immediately opposite them, as in Fig. 176, In practice, 
however, it is found that the armature, which virtually 
becomes a magnet when a current is flowing round it, 
and has consequently a magnetic field of its own, reacts 




Fig. 178. Distortion of Dynamo Field. 

on and distorts the field due to the field magnets. The 
effect of this distortion is to twist the field in the same 
direction as the armature is revolving^ as shown in Fig. 
178 ; consequently the neutral points on the commu- 
tator, and the diameter of commutation are likewise 
twisted round. The brushes have therefore to be moved 
forward, otherwise sparking would occur (§ 176) : the 
amount of this movement is called the lead of the 
brushes, or the angle of lead. 
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172. Winding op Drum Armatubes: Connectors. 
An ordinary ring or cylinder winding is perhaps the 
simplest of all windings, and will have been clearly 
understood from §§ 167 and 1B8. The winding of a 
drum armature is more complicated, and has been 
briefly discussed in § 169. Fig. 179 represents the 
back view of the winding of a simple drum armature 
with only three coils, each of two turns, for the sake of 




Pig. 179. Back view of simple Drum Armature. 

clearness. S is the shaft, and G the end core-plate. 
Some drum armatures, generally for small machines, 
are even now wound in this way. In such a method of 
winding, where the coils overlap each other at the ends, 
it is evident that parts of coils having a considerable 
difference of potential approach very close to each 
other ; and it thus becomes necessary to see that each 
overlapping layer is well insulated from the other, a 



338 ELEOTBIO LIGHTING, ETO. [chap, viil 

matter of some difficulty. The replacing of a burnt 
out or otherwise damaged coil on an armature wound 
like this is a tedious matter, as it necessitates the 
unwinding of all the coils which happen to overlap the 
injured one. 

When, as is often the case, the coils of a drum 
armature consist simply of one turn, the "coil" may 
be made by running a rigid copper wire or bar along 
the top and bottom of the core, and making the con- 
nection at the back by means of a connector. The em- 
ployment of these connectors is advantageous for two 
reasons : (i.) when an armature is designed to generate 
heavy current its conductors must be very thick, and 
the ends of these conductors could not well be bent 
round the end, as shown in Fig. 179, but can easily be 
joined together behind by means of connectors, (ii.) 
Their employment enables the end connections to be 
much better insulated, as the conductors at different 
potentials do not come so close together as in ordinary 
winding. Fig. 180 represents the back view of an 
armature provided with these connectors. The ar- 
rangement of the connections here shown is only one 
of very many methods which vary considerably in de- 
tail, but have a common object in view. This parti- 
cular method is due to Messrs. Orompton & Swinburne. 
(7C, C^ C\ C^ C*, etc., are the ends of the conductors of 
the armature. The end of one half of each "coil " just 
overlaps and turns over the top of the core disk, while 
the corresponding half to which the first hulf is to be 
connected is bent at right angles, and the two are 
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connected by a curved metal connector of copper or 
phosphor-bronze, cc. Thus CC represent a pair of 
conductors connected across by the connector cc. 
The conductors C (7S C C, (? C», (7* C^ (? G\ are 




Fig. 180. Connectors of Dram Armature. 

similarly joined. S is the shaft, and CD the end core- 
disk. 

It will be noticed that the conductors immediately 
opposite are not joined together. Thus (7, instead of 
being connected with C", as one might expect, is con- 
nected with C This is for convenience in construction, 
and does not seriously affect theoretical conditions, 
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though possibly it has the effect of slightly prolonging 
the E.M.F. in each coil. 

In the ^^ former ^^ method of drum winding each coil 
is separately wound on a special former, and its ends 
bound round with insulating tape, after which it is 
laid in position on the armature. A single coil and a 
complete armature wound on this principle, which is 
now very widely adopted, are shown in Figs. 201 and 
202. Any coil can be easily removed. 

173. Ckoss-oonnbotion of Four-Pole Armatures, 
In four-pole machines, sections of field magnets of 
which were shown in Figs. 1 72 and 173, the E.M.F. in 
each coil of the armature is changed four times every 
revolution, instead of twice, as is the case with any 
coil of a two-pole machine. Consequently there are 
two diameters of commutation, and four brushes would 
appear to be necessary, 2 + and 2-. Four brushes 
were employed in the early four-pole machines, but 
now only two are used, the commutator segments 
being cross-connected. Referring to Fig. 181, it will be 
seen that any pair of diametrically opposite coils are 
at any moment undergoing precisely the same in- 
ductive action. Thus the coil G is just approaching 
a N. pole, and so also is the opposite coil C^ ; the coils 
C* and C^ are just leaving the N. poles and approach- 
ing S. poles ; and so on all round the armature. The 
two theoretical diameters of commutation are indicated 
by the dotted lines d-d — and d + d+. The current 
might be collected from such a machine by putting 
two brushes top and bottom (which would be + ), and 
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two more right and left (which would be -), and 
connecting the respective pairs in parallel. But the 
same end is attained by connecting each commutator 
segment with the one diametrically opposite to it, and 



Fig. 181. Croas-eonnection ot Pour-Pole Armatnra. 

employing only one pair of brushes, placed 90° apart, 
as shown. This cross-connection of the commutator 
segments is made by means of connectors very similar 
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to those employed for the purpose explained in § 172 
Of course in a four-pole machine, as in any other, the 
field is distorted by the reaction of the armature, and 
a lead has to be given to the brushes ; but whatever 
lead be given, they must always be 90° apart. In a 
six-pole machine there are three diameters of com- 
mutation, but by cross-connecting the armature coils, 
two brushes suffice, which are placed 60° apart: 
otherwise, six brushes would be necessary. 

174. Open-Coil Armatubes. An open-coil armature 




Fig. 182. Simple Open-Coil Drum Armature. 

may be distinguished from an ordinary armature by 
the fact that the ends of the coils, or at least one end 
of each, terminate at separate commutator segments, 
and there is therefore no complete circuit through the 
coils of the armature, A simple open-coil armature 
with two coils is illustrated in Fig. 182, while Fig. 183 
shows another form in which diametrically opposite 
coils on the armature are joined in series to form one 
coil. Open-coil armatures are employed in direct- 
current machines for developing high E.M.F., such as 
is necessary for arc lighting, when the lamps are 
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arranged in series ; these machines giving an E.M.F. 
as high as 3,000 volts or more. In an open-coil 
armature, the currents are taken fix)m the coils while 
the latter are in the position of maximum activity, 
and they are cut out of circuit while inactive. Open- 
coil armatures may be wound on either the ring or 




Fig. 183. Open-Coil Ring Armature. 

drum principle, but in the former case diametrically 
opposite coils are joined in series, as shown in Fig. 
183. Fig. 182 is a simple example of an open-coil 
drum armature. 

The only open-coil dynamo in use in this country 
is the Brush Arc Dynamo, which is described in 
§196. 
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176. Spabkinq of Dynamos. In an ordinary or 
closed-coil machine, when the brush is in the act of 
passing from one commutator segment to another, for 
a short interval it is in contact with both, and so 
short-circuits the coil connected between them. Now 
if the coil is still active, i.e., if it is still cutting the 
field and consequently generating E.M.F., a com- 
paratively strong current will flow round the coil and 
the short-circuiting brush, and at the moment the 
brush un-short-circuits the coil a spark will occur, 
which will heat and tear away the points of contact 
between the brush and the commutator segment, 
besides wasting energy. To prevent sparking, it is 
first necessary to see (in a 2-pole machine) that the 
brushes are pressing on diametrically opposite points 
of the commutator, and then move the rocker until 
the proper " lead " is found, i.e., until the brushes 
touch the commutator segments a little in advance of 
those connected with those coils which are passing 
through the neutral position, which is best done by mov- 
ing the rocker till there is no sparking at the brushes. 

This is the principal cause, eflPect, and means of 
prevention of sparking in dynamos.^ 

* 176. Construction of Commutators. The con- 

^ Special means of getting rid of the armature reactions of 
dynamos have been proposed by Swinburne (reversing pole- 
pieces), by Sayers (compensating armature coils), and by Eyan 
(auxiliary F.M. coils), etc. These, however, require elaborate 
treatment to make their application intelligible, and cannot 
therefore be considered in this wprjj:. 
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bars are insulated from the rocker by the vulcanised 
fibre washers VV. B B B B are the brush-holders, 
witt the brushes removed. These are free to rotate 
upon the brush-holder bar, and by means of springs, 
when in position on the commutator, cause the Pushes 
to press against the latter. It will be noticed there are 
four brush-holders, two + and two — . If a wide brush 
were used, it would not be an easy matter to adjust it, 
or, when adjusted, to keep it bearing evenly upon the 
commutator. It might be touching at the middle 
only, or at the two sides only, or it might be tilted 
up on one side. This would result in sparking, and 
very uneven wear of the commutator. By having 
two brushes, which act, and can be slipped along the 
bar independently of each other, any uneven wear of 
the commutator can be provided against, and much 
better contact made. Large machines have as many 
as three, and sometimes four or more independent 
brushes (Figs. 212, 213, and 214). It is well that each 
brush-holder B should be provided with a flexible lead 
connecting it with the end of the brush-holder bar, or 
with the terminal of the machine, as the contact be- 
tween holder and bar is not always good. 

Figs. 186 and 187 give elevational and perspective 
views of the rocker, brush-holders, and brushes used 
on some of Crompton's direct-current machines (§ 18B). 
The rocker is in two portions, which are held to- 
gether by the bolt and nut B N, and the tightening 
screw T. The leads are sweated to thimbles fixed 
by means of bolts to the blocks 5, R on the brush- 
holder bars, a hole for which purpose will be seen 
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in ^. C is the commatator, and A the end of the 
armature. £ is a ring corresponding with CC in Fig. 
184, and the end of the shaft is jast shown. The 
brush-holder bars B HB are screwed at one end, and 
passing throngh insulating washers (shown, black) are 
secured to the rooker by the nnts nn', 
TS 



Fig. 186. Crompton Rocker and Bnuh-Holders. 

The brush-bolder BH is fitted with an adjustable 
spiral spring enclosed in a tubular box. This spring 
pulls the holder round the brush-holder bar, so as to 
bring the brush to bear on the commutator, and its 
tension may be adjusted by the thumb-screw TS- T 
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is the hold-off trigger. If this is pushed in, it rotates 
B H and lifts the brash from the surface of the com- 
mutator ; a notch in the shank of T' locking it in the 
"off" position. The handles of T' and 2*5 are of 
vulcanite. - 
Fig. 188 illustrates the construction of the direct- 



Pig. 187. Crompton Eocker and Bruah-HolderB, 

thrust brush-holders formerly used on some of Mavor & 
Coulaon's machines. Though this type has since been 
discarded by this firm, the illustrations and description 
are retained as being of general interest. 

Fig. 188 gives sectional elevation and plan (part 
section). B is the rocker, and C the commutator. The 
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square-shaped bnish-holder frame BF is bolted at one 



Fig. 188. Direct-thrust Brush- Holders. 
side into the end of the rocker, and is insulated there- 
from by the vulcanite washers and collet (shown bhick). 
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The brushes (either copper gauze or carbon) are 
illustrated at B\ The actual holders are at H^ the 
brush being secured therein by a couple of screws. The 
underside of the holders terminate in sockets /S, in 
which the leads are soldered. The front ends of the 
brushes pass through openings in the front of the 
frame. These openings are slightly tapered, so as to 
allow of the brush being easily inserted, as shown at 0\ 
To H is fixed a long screwed bolt JB, which passes 
through a smooth free hole in the frame at h. Tapped 
on to-B are three thumb nuts N^ N' and N'^ A helical 



Fig. 189. Jackson Brush-Holder (details). 

spring S' is threaded on to B between the frame and 
N% and when N" is loosened, the spring forces the 
brush on to the commutator. By screwing N" up, 
the brush is withdrawn from the commutator. The 
tension of ;S' is adjusted by N' and N^ which serve to 
lock each other in position. 

One form of brush-holder used on some of the 
machines built by Messrs. P. R. Jackson & Co., is 
clearly depicted in Figs. 189-193. The parts of the 
brush-holder proper are shown apart in Fig. 189. B 
is the copper gauze or carbon brush, and 8 a sheet 
steel spring-piece which serves to steady its extremity. 
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This spring is also shown in Figs. 191 and 193, but 
not in Fig. 192, B and S are firmly secnred to the 
holder H by means of tbe short bolt B'. A groove g 
is cut on tbe underside of the shank of H, and this 
shank is drilled and tapped to take the end of the 
feeding screw FS. The milled head Jlfffruns free on 
FS, but is held fairly firmly by the bent washer 
shown, so that when MH is screwed tightly into the 



Fig. 190, Jackson Brush-Holder. (Spring case.) 

end of the rocking sleeve RS, FS is not likely to be 
rotated by the vibration of the machine. "When H 
and F S are screwed together in R S, a pin P fits 
loosely in the groove g, so that H is permitted snch 
slight rotation as will enable the brash to set evenly 
on the commntator. 

The interior of what may be called the " spring 
case " is shown in Figs. 190 and 191. This fits tightly 
on to the brush-holder bar, and is secured thereto by a 
set screw passing through a boss at the side of the 
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case. This set screw and boss have recently been 



' Fig. 191. Jackson Brush-Holder. 

added, and are only shown in Pig. 193, which is a 
more recent illustration than the-others. Here also it 
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will be noticed that the brush-holder and spring ease 
are coimected by meana of a flexible spring, which is 



Fig. 192. Jackson Broah-Holders and half of Aocker. 

of copper, and which has been added to render the 
contact between the two more certain. 
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A brasL-holcler bar with two brualies in position and 
half the rocker is shown in Fig. 192. The spring case 
is in one casting, with milled passages in which travel 
respectively the link rod L R and locking piece L P. 
When E S (Fig. 189) is screwed in position on the spring 
case, Z fl is linked to the front oi RShy the steel link 
8L, which is held by a pin passing through the hole A 



Fig. 193. Jackson Brush-Holder. 

in i?5. A steel spring S', the tension of which may 
be adjusted by the set screw SS, pulls L R downwards 
so that the brush is brought to bear on the com- 
mutator with any desired pressure ; while, as it wears 
away, it may be fed forward by F S. By tilting RS 
the brush is taken off the commutator, and " locked 
off" by L P, which is forced inwards by the second steel 
spring S". The brush is released by pulling oat the 
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handle H', which like that of FS is of vulcanite, LR 
is shown in the locked positioii in Fig. 190, and in the 
unlocked position in Fig. 191. 

* 178. ' Brushes. Brushes are made of copper 
gauze, foliated copper, or carbon, a speoial copper 
alloy being sometimes used instead of pure copper. 
Fig. 194 illustrates a gauze brush. The core is com- 
posed of strands of fine twisted copper or alloy wire, 
plaited and compressed and encased in a covering of 
woven metal, which is shown cut open in the figure 



Fig. l&l. Gauze Brush. 

in order that the interior may be seen. The foliated 
brushes are built up of exceedingly thin sheets or 
leaves of metal about the thickness of tissue paper, 
and compressed tightly together. 

For motors and dynamos, but especially for the 
former, carbon brushes are widely used, these being 
set more or less end on to the commutator, to allow of 
its turning in either direction. A simple form of 
carbon brush-holder is depicted in Fig. 195 ; and, as 
already explained, the holder illustrated in Fig. 188 
ia also designed for carbon brushes. The use of car- 
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bon for this purpose, in dynamos m well as motors, 
is now very general. 

179, Constant-Potential and Constant-Current 
Dynamos. Depending upon the condition of the out- 
side circuit, dynamos may be required to maintain 
either a constant potential between the supply mains, 
or a constant current round the circuit, even though 
the latter may alter considerably in resistance. Thus, 



Fig. 195. Simple Holders for Carbon BrusheB (Le Carhone). 

in parallel incandescent and arc lighting and power 
work, dynamos must maintain a constant potential 
between the + and — mains, whatever the demand for 
current may be. In series arc Hghting it is just the 
reverse, the dynamo having to keep the current con- 
stant through a varying resistance caused by the 
switching in and out, and fluctuations in the positions 
of the carbons of the lamps. Series arc lighting, how- 
ever, is seldom resorted to nowadays, so that there is 
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little use for constant-current machines. One form 
of such, nevertheless, is illustrated in § 196. The re- 
gulating effects of series, shunt, and compound winding 
(§ 169) will be explained in Chap. X. (Vol. II.) ; and 
the theory and working of direct-current dynamos will 
also be further considered therein. In the next chapter 
several well-known direct-current machines are de- 
scribed in detail, and many points in dynamo and 
motor construction, not here dealt with, are considered 
in conjunction with the machines embodying them. 
In Vol. II. motors will have a chapter to themselves. 



CHAPTEE Vni.— QUESTIONS. 
In answering these questions^ give sketches wherever possible. 

*1. What is a dynamo ? 

*2. There are two great classes of dynamos ; name them. 
*3. Mention the essential parts of a dynamo. 
*4. In what respects does an alternator differ from a direct- 
current dynamo ? 

*5. Sketch and describe the action of a simple alternator. 
*6. Sketch and describe the action of a simple direct-current 
dynamo, having one coil of two turns for an armature. 

*7. Define in your own words: commutator, brushes, col- 
lector, F.M., armature. 

8. Upon what does the E.M.F. generated by an armature 
depend ? 
*9. Why are armatures generally provided with iron cores ? 
*10. Give a sketch of a shuttle armature, showing clearly the 
core, the coil, and the commutator. 
*11. Define : self-exciting dynamo, brush-holder, pole-piece, 
spider, rocker. 
*12. Name and briefly describe the different kinds of armature. 
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*13. Sketch and explain the construction of a gramme or ring 
armature, and say in what respects it differs from a cylinder 
armature. 

14. Explain clearly the difference between a ring and a drum 
armature. 

*15. How is the core of a ring or cylinder armature fixed to 
the driving shaft ? 

16. Define : idle wire, core-plate, eddy current, salient pole, 
consequent pole, excitation of dynamos. 

*17. Describe the construction of a simple drum armature. 

*18. Explain fully the importance of fixing as rigidly as pos- 
sible, the armature core to the shaft, and the conductor to the 
armature core. 

19. Sketch three methods of mounting the core of a drum 
armature on the shaft. 

*20. Describe various methods of driving armature con- 
ductors. 

21. How do you account for the great resistance experienced . 
in rotating the armature of a dynamo supplying current ? 

22. Give ideal sketches of two kinds of disk armature. 

23. Say what you know about the winding of armatures, as 
far as regards the number of coils size of wire, and number of 
turns on each coil. 

24. In building a large dynamo, would you use a drum or a 
ring armature ? Grive reasons. 

25. Say what you know about, and give reasons for, the lami- 
nation of armature cores. 

*26. Name the principal forms of F.M. 

*27. Is there any difference between a two-pole and a double- 
magnet machine ? 

28. Sketch four types of F.Ms, of single-magnet dynamos, 
and indicate the path and + direction of the magnetic flux by 
dotted lines and arrows. 

29. Sketch three types of F.Ms, of double-magnet machines, 
and indicate the path and + direction of the magnetic flux by 
dotted lines and arrows. 

80. Sketch two types of F.Ms, of four-pole, and one type of 
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multipolar machine, and indicate the path and + direction of 
the magnetic flux by dotted lines and arrows. 

*31. Describe and compare the series and shunt methods of 
winding dynamos. 

*32. Describe the different kinds of compound machines. 

33. Define : magneto-dynamo, separately excited dynamo, self- 
exciting dynamo, separate-coil dynamo. 

34. Describe fully, in your own words, the action of the ring 
armature. 

35. How may the action of a ring armature be compared with 
that of two batteries in parallel ? 

36. What would be the effect of shifting the brushes of a ring 
or cylinder armature dynamo 90° round from their proper 
position ? 

37. Give a hand sketch showing to half of the natural size a 
longitudinal and a transverse section of a modern armature 
wound on the gramme system ? the sketch to include the me- 
chanical attachment of the armature core to the shaft. External 
diameter of armature core, 9 in. ; length, 10 in. You need not 
calculate any part, but simply show by your sketch what you 
consider, from a practical point of view, the correct proportions 
of the different parts. Do not show every wire, but indicate 
the total space to be occupied *by the winding. [Ord. 1892.] 

*38. Describe in detail how you would true up the commutator 
of a dynamo. [Prel. 1898.] 

*39. Why is it necessary to laminate the iron core of a 
dynamo ? Show, by means of sketches, in which direction you 
would laminate the core (a) of a flat ring armature in which 
the magnet poles were presented to the sides of the ring, (6) in 
a cylinder armature in which the magnets were presented to 
the cylindrical surface. [Prel. 1900.] 

40. A direct-current dynamo, which gives 300 amperes at 110 
volts, has a drum armature 14 inches diameter containing 
120 bars ; describe, with sketches, the commutator and brushes 
you would use, giving approximate dimensions, and state the 
nature of the material you would employ for the commutator 
fii^d for the brushes respectively. [Ord. 1900.] 
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*41. Make a diagrammatic sketch of a shunt- wound continuous 
current dynamo with ring armature, and indicate clearly the 
direction of flow of the current in each part of the machine- 
[Prel. 1901.] 

42. Define: lead of brushes, angle of lead, diameter of com- 
mutation, neutral points on a commutator. 

43. What difficulty in the winding of drum armatures has led 
to the employment of connectors ? 

44. Sketch the back view of an armature provided with con- 
nectors, and explain the arrangement. 

45. Sketch a drum armature showing the connections and 
windings for 24 conductors on the outside. Sketch also any 
methods of end connection for drum machines in ordinary use. 
[Ord. 1895.] « 

46. Describe some system of drum winding which enables a 
coil to be removed without disturbing the others. 

47. Show clearly why in a four-pole machine, if the com- 
mutator and coils were connected in the ordinary way, four sets 
of brushes would be necessary. 

48. Explain the method of cross- connecting a four-pole 
armature. 

49. In what respects does a closed-coil armature differ from 
an open-coil one ? • 

50. What are the advantages of open-coil armatures, and 
under what circumstances are they used ? 

51. Mention some of the causes of sparking in dynamos, and 
their remedies. [Ord. 1893.] 

52. Give full-size hand sketch of a commutator, 6 in. diameter, 
4 in. face, showing in section how the plates aro supported and 
insulated. [Ord. 1894.] 

53. Sketch a modem form of brush-holder arranged for taking 
a brush IJ in. wide by y\ in. thick. Make the sketch free-hand, 
full size, and roughly to scale. [Ord. 1893.] 

*54. What are the essentials of a good brush-holder ? 
55. Sketch some form of brush-holder not mentioned in this 
book. 
*66. Describe various kinds of brushes. 
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*57. When is it generally necessary to use compound brushes ? 
*58. What kind of brush would you use for a motor ? 

58. Explain the difference between constant-potential and 
constant-current dynamos. 

60. Give a sketch, or sketches, to illustrate the winding of a 
drum armature for use in a four-pole field. [Ord. 1896.] 

61. Sketch a modern end-connection system for a drum arma- 
ture with 32 commutator pieces. [Ord. 1897.] 
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CHAPTER IX. 

The figures refer to the numbered paragraphs. 

Introduction ; Direct-Current Dynamos, 180. Sections of Overtype 
Field Magnets and of Armatures, 181. Allen, Son & Co.'s Under- 
type Engine-coupled Dynamo, 182. Parker Overtype Machine, 
183. Tyne Undertype Machine, 184. Crompton Overtype Ma- 
chine, 185. Brush Two-pole Central type Machine, 186. Jack- 
son Overtype Machine, 187. Mather & Piatt's Dynamos, 188. 
Lahmeyer Machines, 189. Johnson & Phillips' Machines, 190. 
Mavor & Cou)&on's Multipolar Machine, 191. Siemen's Four- 
pole Machine, 192. Laurence, Scott & Co.'s Six-pole Machine, 
193. Phoenix Four-pole Machine, 194. Gas-driven Thomson- 
Houston Multipolar Generator, 195. Brush Arc Dynamo, 196. 
Questions, page 415. 

* 180. Intboduotion : Dikect-Cukrent Dynamos. 
As most dynamo machines may be used either as gener- 
ators of E.M.F. (dynamos), or asconvertors of electrical 
energy into mechanical energy (motors), they are often, 
as in this chapter, called simply machines ; except in 
cases where a machine is intended for use only as a 
dynamo, or only as a motor. The term generator is 
now frequently used to denote either a direct or alter- 
nating current dynamo. As regards its method of 
excitation, almost any kind of direct-current machine 
may be either series, shunt, or compound wound, to 
suit requirements. 
• The machines described in the present chapter are 
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by well-known makers, but there are, of course, many 
others equally good of which no mention is made, for 
want of space. 

It should be borne in mind that nearly all makers 
build both large and small machines of varied pattern 
to suit any particular work or output. Thus small 
machines are almost invariably of the two-pole type ; 
while for large outputs multipolar forms are em- 
ployed. For instance, although in § 183 we illustrate 
a simple overtype machine, Messrs. Thomas Parker, 
Ltd., make various other kinds. 

An overtype machine is a two-pole one in which the 
field magnet is placed with its poles uppermost, as in 
Figs. 200, 208, etc. This form was primarily adopted 
in order to do away with the likelihood o^ the lines of 
force leaking through the bed-plate. On the other 
hand, especially with a high-speed machine, it is 
mechanically bad to have the shaft raised very high. 
In the case of combined plant, where the dynamo is 
directly coupled to the engine, the machines are seldom 
overtype. (See Figs. 199 and 219.) 

An undertype machine is a two-pole one with its 
poles below. All multipolar machines are termed 
centraltype ; and some two-pole machines belong to 
this class, as for instance those shown in Figs. 209 
and 211. The difference between open-type and 6W- 
closed-type machines is explained in § 194. 

* 181. Sections op Ovebtype Field Magnets and 
OP Abmatures. Fig. 196 is a longitudinal section of 
an overtype machine, and gives a good general idea of 
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how dynamos of this pattern are built up. jB is the 
bed-plate, the thickened part of which, M Y, forms 
the magnet yoke. AC is the drum armature core, the 
plates of which are compressed between two end pieces, 
one of which, E P', bears against a thickened part of 
the shaft S, while the other EP is held in place by the 
distance piece DP. C S is the commutator section: 
and this should be studied in conjunction with that 
shown in Fig. 184. S W, S W are the spaces for the 
wire end-connections, and EC is an end cover which 
gives a finished appearance, the lugs of the commu- 
tator segments taking the place of an end cover at the 
opposite end. MC is one of the magnet coils, P P the 
pedestals, and W, W the oil wells. The bearings 
are of the old type with outside lubricators (not 
shown) ; and oil throwers, as alluded to in §§ 189 and 
191, can be clearly seen. The shaft is grooved at its 
right-hand end in readiness for the fixing of the 
pulley. 

A smooth-core armature is one in which the con- 
ductors are wound or laid on the surface of the iron 
core. In a slotted or slot armature the conductors are 
wound or fitted between projecting teeth or continua- 
tions of the core. These Pacinotti teeth, so termed from 
the name of their originator, drive as well as protect 
the conductors, thus making the armature very strong, 
and better adapted for heavy work and rough usage 
than the smooth-core design. The teeth also serve to 
decrease the interpolar magnetic resistance, and to 
dissipate any heat generated in the core. Armatures 
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of this description, which are very generally built 
nowadays, are aAao called slot-wownd armatures, 

A section of a two-pole overtype machine, showing 
the slotted core-plates and the method of attaching 
the latter to the shaft by means of three gun-metal 
" feathers," is given in Fig. 197. It will also be ob- 
served that the pole-pieces are split through from side 



Fig. 197. Section of MELchine with Slotted Armature and F.M. Cortu. 

to side, the slot in each pole running in the direction 
that the lines of force would take. This special ar- 
rangement was adopted by Messrs. Laurence, Scott & 
Co. as having the eflfect of stopping the generation of 
eddy currents in the poles, and the consequent waste 
of energy, and of giving additional ventilation without 
appreciably adding to the resistance of the magnetic 
circuit of the machine. 



368 



ELEGTEIG LIGHTING, ETG. [chap. ix. 



Sometimes the shaft is hexagonally shaped in the 
centre, and the core plates have corresponding 
hexagonal holes cut in them, and are then threaded 
on to the shaft (Fig. 167). 

Most machines are now fitted with self-oiling bear- 
ings as described in § 189, so that the lubricator illus- 
trated in Fig. 198 is somewhat old-fashioned. The 

figure is useful however as showing 
a spherical self-aligning hearing. This 
means that the bearing is mounted 
in a spherical '^ seating '' on the cast- 
iron pedestal and cap, so that it is 
free to turn so as to place itself in 
perfect alignment with the shaft 
when the armature is first put in. 
The cap is then tightened down by 
bolts so as to grip the bearing in 
place. 

A handy method of classifying 
machines is explained in § 187. 

182. Allen, Son & Co.'s Undee- 
TYPE Engine - Coupled Dynamo. 
Fig. 199 shows an undertype 
machine coupled direct to a vertical compound engine, 
by the above-named makers ; a large fly-wheel being 
placed on the shaft between engine and dynamo to give 
steadiness in running. The holes in the periphery of 
this fly-wheel are for the insertion of a lever for mov- 
ing the shaft round to the best starting position. The 
poles of the magnet are mounted on gun-metal dis- 




Fig. 198. Self- 
aligning Bearing. 
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tance pieces, to minimise the leakage of magnetic lines 
through the bed-plate, and the armature is drum 
wound, as will be perceived from the figure. The 



Fig. 199. Allen combined UndertT'pe DTnomo and Engine. 

engine and dynamo are mounted on a single cast-iron 
bed-plate, and there are four main bearings, those on 
the engine being lubricated from the sight-feed oil 
reservoir fixed on one of the cylinders. The tubes from 

B B 
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this reservoir lead also to various smaller bearings on 
the engine, as well as to the slipper faces. The fourth 
main bearing by the commutator has an ordinary 
sight-feed lubricator. By sight-feed is meant that the 
oil can be seen dropping into the bearing. Compact 
combinations of engine and dynamo such as these are 
essential in ship work, where every foot of space is 
valuable, the engine being supplied with steam from 
Jbhe ship's boilers, generally through a reduction valve. 
183. Pabker Oveetype Machine (Fig 200). This 
machine is distinguished from all others by its hinged 
pole-pieces, an arrangement which enables the arma- 
ture to be closely examined and cleaned while in 
position. With ordinary dynamos the taking out or 
replacing of the armature demands great care, as not 
only is damage from abrasion liable to occur in thread- 
ing the armature into or out from the poles, but thfe 
shaft is likely to be put out of truth if one bearing is 
removed and the other not loosened. In the Parker 
machine the removal of the armature is easily accom- 
plished. The two eye-bolts are withdrawn, and the 
brass shield-piece taken ojff, these being shown in the 
figure at the base of the dynamo. The rocker and top 
caps of the bearings are then removed, the pole-pieces 
thrown back, and the armature lifted straight out. 
Another advantage secured by this arrangement is 
that the machine may be placed in a more confined 
situation than would be possible if the armature had 
to be removed in the ordinary way. Then again, 
when the armature is removed, the magnet bobbins can 
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be slipped over the hinged pieces without difficulty. 
The bearings are of the aelf-oihng type, as described 
in § 189. 

A special variation of the " former " method of drum 
winding alluded to in § 172, and whereby any coil 



Fig. 200. Parker 

can be easily taken from the armature and repaired or 
replaced, is adopted. Fig. 201 illustrates a single 
coil, and it will be noticed that in this particular case 
three parallel conductors are used in place of one 
single conductor. Each coil is wound separately on a 
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" former," and thoroughly insulated. This particular 
method of winding is termed the Eickemeyer, and, as 



Fig 201. Armature Coil of Parker Machine. 
will be noticed from the figure, differs from the 
ordinary " former " or harrd winding in which the 
two sides of the coil are in the same plane, A finished 
armature is shown in Fig. 202. Of course the bind- 
ing wires, B W, must be undone before any coil can 
be removed from the armature. 



Fig. 202. Armature of Parker llBchiDe. 
Binding wires are used in almost all machines to hold 
the coils together, and to prevent them bulging out 
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nnder centrifugal force when the armature ia rotating. 
They are made either of steel, phosphor-bronze, hard 
drawn brass, or German silver, the wire being tinned 
BO that it can be easily soldered when in place. These 



Fig. 203. Tjne Undeitype Machine. 

wires must be very strong, as they are of necessity 
small in diameter. They are wound on the armature 
over two thin bands of insulating material, usually 
vulcanized fibre and mica, the latter being uppermost. 
* 184. Tymb Undektypb Machine (Fig. 203). This 
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dynamo, built by Measra. Ernest Scott and Mountain, 
is of tte two-pole under type. The design of the 
machine is good, inasmuch as the armature ia placed 
as low down aa possible and there is no need to use tall 
pedestal bearinga, ao that the vibration of the machins 
when running is very small. 

The cast steel magnet is in three pieces, viz., two cores, 
etich with a peculiarly curved pole-piece, and the top 
yoke. The magnet is fixed to the bed-frame by meana 



Fig. 204. Pai-tly wound Armatui-e of Tyiie Machine. 

of two stout gun-metal brackets, this metal being 
used to prevent the leakage of magnetic Hues round 
the cast-iron bed-frame. Fig, 207 shows one of the 
removable magnet bobbins. The bearings, which are 
specially long, are of the usual self-oiling or ring- 
type {§ 189), and are fitted with overflow pipe and 
drain cock. 

The armature is of the slotted drum type, as will 
be seen from Fig. '204, which shows one in process of 
winding. The peculiar shape of the coils will also be 
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noticed, these being former-woui^, i.e. wound on 
frames or formers of tlie shape the finished coil is to 
have. The coil-ends ready for soldering to the lugs 
on the commutator are to be seen on the left. The 
shape of the coils is in fact somewhat similar to that 
shown in Fig. 201. 



Fig. 205. Commutator at Tyn« Machine. 

Fig. 205 illustrates a commutator ready for fixing 
on the shaft, and the lugs for the connection of the coil- 
ends will be noticed. This figure should be compared 
with Fig. 184. Fig. 206 shows a finished armature. 

These macMaes are shunt, series, or compound 
wound as required j that illustrated in Fig. 203 being 
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compound wound. As a rule they are fitted witli 
carbon brushes. 

185. Oromptom Oveetypb Machine. The upright 
double- magnet type of machine, long made by this firm, 
and having an iron section somewhat similar to, Fig. 
171c, but with straight pole-pieces, has now been dis- 
carded in favour of the simpler single-magnet overtype 
and undertype. The new overtype machine is illus- 



Fig. 207. Magnet Bobbin o( Tyne Machine. 

trated in Fig. 208. Each F.M. core (of wrought iron 
or best mJld steel) is made in one or two pieces, which 
are bolted to the yoke-piece cast on the bed-plate. 
The machine illustrated in the figure has each core 
in two pieces, the line of demarcation being only shown 
at the bottom, where they are bolted to the yoke- 
piece. At the top the poles are united by a non- 
magnetic cross-piece. All the armatures are drum- 
wound, the cores being built up of the softest annealed 
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charcoal iron discs. The commutators are of hard- 



drawn copper, and the bearings self-oiling. , These 
machines are said to have a very high efficiency. 
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The rocker and brush-holdera of this machine were 
illustrated and described in § 177. 

186. Bbush Two-polk Centralttpe Machine (Fig. 
209). This machine has several distinctive features. 
The circular magnet cores are of wrought iron or steel, 
and are united at top and bottom by cast-iron yokes, 
each of which is in two pieces. The bottom yoke 



Fig. 209. Brush Two-pole Centraltype Machine. 

stands on four feet on the cast-iron bed frame and is 
bolted thereto, while the upper one carries the terminal 
board, the leads from the ends of the field winding 
passing thereto through holes in the pole-pieces. 

The two parts of each yoke -piece are held to- 
gether by a web at the sides, but are separated by a 
gap of one inch at the smallest point. This construc- 
tion greatly reduces the effect of armature reaction, 
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and helps to prodnce very aparkless collection, which 



is one of the points of these machines. An additional 
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advantage in the use of cast-iron pole-pieces is that the 
considerably higher resistance of this material reduces 
the " eddies " in the pole-piece to a negligible amount. 

The armature is built up of slotted discs, ample ven- 
tilation being allowed. It has a neat symmetrical 
winding put on by hand, formed coils not being 
used. The bearings are of the usual self-oiling ring 
type (§ 189), and carbon brushes are used. 

* 187. Jackson Overtype Machine. This dynamo 
(Fig. 210) is made by P. R. Jackson & Co., in eleven 
sizes, ranging from 1 to 40 units {i.e, 1 to 40 kilowatts). 
The magnet cores and bed-plate are cast in one piece, 
and are of mild steel. The pole-pieces are also of cast 
steel, and are bolted as shown to the tops of the magnet 
cores. They can thus be easily removed for the ex- 
amination or withdrawal of the armature, or for- the 
removal of the field-magnet coils. The armature is 
drum-wound. The commutator is self-contained, it 
being built up on a cast-iron sleeve, with rings and 
nuts of wrought steel, this sleeve being keyed to the 
shaft. Thus a fresh commutator can soon be put on 
when necessary. The field-magnet coils are wound on 
collapsible frames (or " formers ") of sheet steel with 
hardwood ends or "cheeks," and the coils can be 
easily removed therefrom. The terminal blocks are 
mounted on the coil frames, so that beyond the with- 
drawal of a copper rod which connects the two coils,, 
and of the ends of the leads from the brushes, no 
breaking of connections is necessary in dismantling 
the machine. 
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The bearings are self-oiling, a fixed collar on the 
shaft dipping into the oil and throwing it up into a 
" gallery," whence it runs into the bearing. 

The. nomenclature adopted by this firm to distinguish 
between the various types of machines built by them, 
is instructive, and is as follows : — 

Type. 

0/D (overtype with drum armature). 
C/D (centraltype „ „. ). 

XJ/D (undertype „ „ ). 

0/Gt (overtype with gramme or ring armature). 
C/Q- (centraltype „ „ „ . ). 

TJ/G- (undertype „ „ „ ). 

0/B (overtype with bar armature). 
C/B (centraltype „ ?? )• 

TJ/B (undertype „ >» )• 

In addition to the above the letters TF, B and P are 
used to signify wire-wound, bar- wound, and Pacinotti 
or slotted core armatures respectively, while M denotes 
a multipolar machine. 

The difference between over- and under-type ma- 
chines was explained in § 180. A bar armature is 
a drum armature with " coils " formed of rigid con- 
ductor (see § 172). 

188. Mather & Platt's Dynamos. These are of 
three chief types — the Manchester, the Edison-Hop- 
kinson, and the Multipolar. 

The Manchester Machine (Fig. 211). This is a 
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two-pole double-magnet or centraltype machine, the 
wrought iron F.M. cores being circular in section. 
At the bottom these are turned to fit into side arms 
on the bed-plate (which is somewhat in the shape of 
a cross), where they are secured by set screws : while 
at the top they are similarly fitted into a cast-iron 
yoke, which also forms the upper pole-piece, the lower 
one being on the bed-plate. A section of the field 
magnets is given in Fig. 171a. The armature is of 
the gramme ring type. 

When employed as motors these machines are pro- 
vided with carbon brushes. In the later machines self- 
oiling or ring bearings are used instead of the ordinary 
lubricators seen in the figure. Such bearings are 
described in § 189. 

The Edison-Hopkinson Machine (Fig. 212). The 
Edison-Hopkinson machine embodies the late Dr. John 
Hopkinson's improvement upon the original type of 
Edison dynamo. The improvement consisted prin- 
cipally in substituting single FM. cores for multiple 
cores, and in shortening the same, as well as increasing 
their thickness and that of the yoke. Each magnet 
limb, together with its pole-piece, is formed of a single 
forging of wrought iron, or a steel casting, as the case 
may be; the field coils being wound on removable 
spools. The pole-pieces are separated from the bed- 
plate by cast brass feet or pedestals, on which the 
magnet stands. This lessens the leakage of lines 
through the bed-plate. A section of the F.M. is shown 
in Fig. 169a. The armature is drum- wound, its con- 
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dactors being sciuare in section, and covered with 
insulating tape. This is so for the reason that wire 
of square section packs more closely round the core 



Fig. 212. The Edison-Hopkinson Machine. 

than wire of circular section. The brushes are of 
copper gauze and are held in polished brass holders, 
which are not only separately adjustable, but are 
also separately connected to the terminal blocks on 
c 
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the pole-pieces ; there being also the usnal connection 
from the brush-holder bar. The old-fashioned lubri- 
cators seen in the figure are now discarded in favour 
of ring lubricators (§ 189). 

The Multipolar Machine. The Edison-Hopkinson 
machine is made for larger outputs than the Man- 
chester type of dynamo ; while for still heavier work 
the form now under consideration is employed, the 
largest standard sizes of this kind having an output 
of 7B0 electrical horse-power. 

The range of output of the three classes is as fol- 
lows — 

Kilowatts, 
Manchester . . . . 4 to 24 
Edison-Hopkinson . .24 to 170 

Multipolar .... 20 to 7B0 

The latter have 4, 6, 8, or 10 poles according to size. 

Fig. 213 shows a four-pole machine arranged for 
rope-driving, the pulley being grooved to take eight 
ropes. The cast steel field-magnet frame is made in 
halves, each of which carries two poles, the lower 
having two strong brackets cast on it at each side to 
enable it to be bolted to the bed-frame. The armature 
is of the slotted drum type, the conductors being care- 
fully insulated and completely embedded in the slots. 
The machine not being cross-connected (§ 173), four 
sets of brushes are used. The figure shows the 
machine fitted with gauze brushes, but carbon ones 
are now always used. The brush-holder bars are 
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mounted on inaulatei ringa, the whole arrangement 
being adjustable by means of a hand-wheel. The 
bearings are of the self-oiling type, and by the side of 
each is fitted a glass gauge to indicate the height of 
the oil in the reservoir. Two of these gauges may be 
discerned in the figure. The smaller machines of this 
class have two bearings only. 



Fig. 214. Lahraej-er Djnamo driven by Turbine. 

* 189. Lahubyee Machines. Pig. 214 shows a 
60-H.P. two- pole machine as built by Messrs. Garbe, 
Lahmeyer & Co. It is coupled direct to a turbine, for 
driving by water power. Figs. 215 and 216 show this 
type of machine in part elevation and part section, the 
former being a side view, and the latter a front view. 
P (Fig. 216) is one of the poles, and C one of fche coils. 
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The section of the F.M. is more simply shown in 
Fig. 169f. One advantage of this type of F.M. (which 
in this case is of cast iron, in one piece), is that there 
is an entire absence of external magnetic field, 
especially if the slinging eye 8 is removed and re- 
placed by a brass bolt, as may be done when the 
dynamo is in position. Another feature of the machine 
is that its armature Aj which is drum- wound, is well 
protected from injury by means of zinc gratings, ZZZ, 
at each end. The machine is mounted on slide rails 
R jB, and by means of bolts and set screws {S 8) at 
each end may be adjusted to a nicety with regard to 
its driving belt. Holding-down bolts J5, at each corner, 
clamp the machine firmly to the rails when in the 
right position. This method of mounting is adopted, 
when required, with machines of any make. 

The self-oiling hearings^ which are now used in nearly 
all modern machines, should be specially noted. On 
each end of the shaft hangs a zinc ring r, whose in- 
ternal diameter is about twice that of the shaft. The 
top half of the bearing is slotted, so that the ring 
hangs directly Qn the shaft. The lower two-thirds of the 
ring dip in an oil-bath 0, and as the shaft revolves, 
the ring is slowly turned and feeds up oil to the 
top of the shaft. The oil then distributes itself along 
the bearing, which latter is made extra long so as to 
minimise the pressure on it, and allow the oil to travel 
wherever necessary. Such bearings are sometimes 
called ring hearings. The ridge or oil thrower r' throws 
off superfluous oil by centrifugal force, and so pre- 



390 ELECTRIC LXOBTINO, ETC. [cHir.w. 

venta it getting to the commutator or end connections 
of the armature ; the oil running back into the oil- 
bath O. Each oil-bath has a small cock attached to 
it (Fig. 214), whereby the oil may be drawn oflf when 
necessary, for filtration. 

Z" (Figa. 215 and 216) is the zinc face of one of the 
coils. This has a dent on its inner side (shown be- 



Fig. 215. Lahmeyer Mtichiiie. (Side elevaticn : part eeotion.) 
tween Z and Z in Fig. 215), ao that the inside end of 
the coil may be brought out without being in the way 
of the upper layers of wire. 

Ventilation of the machines is provided for by means 
of slots in the top and bottom of the frame; two of 
which, 8 8, can be aeen in Fig. 215. As there shown, 
the slots appear to be directly above and beneath the 
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Einaatare, bat in reality they are on one side, so that 
in the case of the upper slots, anything dropping 
through wonld fall to one side of, not on the armature. 
The circulation of air being upwards, there is little or 
no tendency for dust to enter. When the machine is 
being cleaned, these holes should be closed with wooden 



Vig. 216. Lahmeyer Machiue. (End elevation ; part section.) 
plugs. The cast-iron pulley P is slotted on to the shaft, 
and held in place by a feather or key and nut. 

The terminal board on the top of the compound 
machine carries four terminals, three large and one 
small (Fig. 216). To the two' outer ones the armature 
is joined up. The shunt F.M. coils are connected to 
the second and fourth ; and the series F.M. coils to the 
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third and fourth (starting from the left) ; the first and 
third being the main terminals, from which the cables 
to the outer circuit proceed. To the first and second 
terminals is connected an adjustable resistance which 



Fig. 217. Four-pole Lahmeyer Machine. 

is thereby put in the shunt F.M. oircnit. Series and 
shunt-wound machines have three terminals. The 
connection of the regulating resistance in all three 
cases will be illustrated and described in Chap. X., in 
dealing with the regulation of dynamos. 
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Sections of the F.Ms, of four- and six-pole Lahmeyer 
machines are shown in Fig. 173. Fig. 217 illustrates 
a four-pole machine in part elevation and part section. 
The armature is practically the same as that used in 
two-pole dynamos, except that it is cross -connected 
(§ 173), and for that reason the brushes are set 90° 
apart as shown. The machine illustrated is compound- 
wound, and for convenience in connecting the regu- 
lating resistance, four terminals are provided, as 
explained in connection with the two-pole type. 

It may be mentioned that there are other machines 
bearing the name of Lahmeyer. 

190. Johnson & Phillips' Machines. Messrs. 
Johnson & Phillips were among the first manufac- 
turers to employ the overtype form of field magnet, 
this having been originally designed for them by Mr. 
Kapp; hence such is sometimes referred to as the 
Kapp type. 

Fig. 218 represents the latest form of overtype 
bi-polar machine manufactured by this firm. Each 
magnet limb and pole-piece is formed of a single solid 
slab of wrought iron or steel bolted to the cast-iron 
bed-plate. The middle of the bed-plate, being solid, 
forms the yoke, and the cross section of this part is 
larger than that of either of the limbs to make up 
for the greater magnetic resistance of cast iron. The 
armatures of these machines are of the drum type, and 
the cores are built up of well annealed charcoal-iron 
plates keyed direct on to the shaft. 

Four or more fibre driving horns or Jceys^ according 
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to the size of machme, are fixed in slots oat longi- 
tudinally on the circumference of the core. These 
" horns " or ridges serve to drive the conductors, the 
armature being smooth cored {§ 181). Were it not 



Fig. 219. Johnson & Phillips' 4-poIe Generator ooupled to a 
Wilkns Engine. 

for these, the conductors would have no rigid fixing 
to the core, and would be liable to slip thereon under 
great strain, the tendency of the magnetic field of a 
dynamo being to resist the rotation of the conductors 
in which E.M.F. is being generated. The conductors 
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are of higli conductivity copper, and in the case of 
the larger machines are stranded to minimise the loss 
due to eddy currents. 

In the figure the machine is shown as mounted on 
slide rails, the use of which is explained in § 189. It 
will also be noticed that this particular machine is 
fitted with 6utside lubricators. 

For outputs exceeding fifteen or twenty kilowatts, 
this firm, like most others, adopt the four-pole or multi- 
polar form of field magnet. The appended figure (219) 
illustrates a four-pole generator coupled to a Willans 
engine. The magnet frame is in halves, each of which 
supports a pair of poles. The magnet cores are of cast 
steel and are bolted to the frame, the latter being of 
cast iron or steel according to circumstances. The 
field coils are wound on removable bobbins. 

The armature is of the slotted type, and is built up 
of well annealed charcoal-iron stampings, spaces being 
left at intervals between the plates to allow of thorough 
ventilation. The armature coils, which are former- 
wound (§ 184), are placed in the slots and are afterwards 
bound over with bands of German silver wire insulated 
from the coils by strips of mica, these acting as bind- 
ing wires (§ 183). The coils are cross-connected, there 
being two sets of brushes only. 

The commutator is composed of hard-drawn copper 
segments insulated from one another by mica. The 
segments are congregated on a massive cast-iron sleeve, 
and are securely bound together by a steel clp,mping 
ring, the sleeve and the clamping ring being insulated 
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from them by thick moulded mica rings. The brushes 
are of either copper or carbon as desired, 
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These machines are provided with self-oiling bear- 
ings, the lubrication being effected by rings resting on 
and revolving with the shaft, and dipping into a well 
containing oil in the pedestal. Such bearings are 
more fully described in § 189. 

191. Mavor & Coulson's Multipolar Machine. 
The machine illustrated in Fig. 220, a three-bearing 
multipolar machine for separate driving, is made in 
sizes giving from 39 up to 200 K. W. output, at speeds 
varying from 700 to 3B0 revolutions per minute ac- 
cording to output. Larger sizes are always direct- 
coupled to the engine, and are made for speeds vary- 
ing from 360 down to 90 revolutions per minute. The 
machine in the figure has four poles, but those giving 
above 80 K.W. output have six. The machines for 
direct-coupling are essentially the same as that shown 
in the figure, except that the bed-plate is incorporated 
with that of the engine. 

The armatures of these machines are of the slotted- 
core type, drum wound, so that a positive drive is 
secured to the conductors by the teeth. They are 
built up of thin discs of soft charcoal-iron insulated 
with varnish and mounted on a cast-iron spider, which 
is keyed .to the shaft, but is detachable therefrom. 
This spider also carries the commutator. The con- 
.ductors, which are in the form of bars, are insulated 
from each other by tape and from the armature core 
by pressspahn paper.* They are fitted in the slots, 

* Pressspahn (Gkjrman press, pressed ; spdhn, wood-shaving) 
is, as its name indicates , a material made of compressed wood 
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and on the top of each slot is placed a thin strip of 
hard wood, which serves to keep the conductor in 
place. The whole armature is bound by bands made 
up of several turns of tinned steel binding-wire 
securely soldered together and insulated from the core 
by mica. 

The steel magnets are cast in two pieces and bolted 
together on the horizontal diameter. The top half can 
be lifted oflf, and the armature easUy inspected and 
removed if necessary. The bottom half is bolted to 
the bed-plate by bolts passing through feet cast on the 
side of it. The poles are cast solid with the yokes, 
and are provided with pole-pieces, which are fixed to 
them by sunk bolts. By removing the pole-pieces, 
the magnet coils, which are wound on sheet metal 
formers, can be slipped off. 

The bearings are self-oiling and self-aligning, and 
the oil can be drawn off by the oil cocks shown. 
The shaft is provided with oU throwers^ or ridges, 
inside the bearings, from which the oil is projected 
by centrifugal force, so that none can flow along the 
shaft to either the core or the commutator. These oil 
throwers are common to most machines, and can be 
plainly discerned in Figs. 196 and 21B. 

The commutator is carried on a cast-iron sleeve 
fitted to a projection of the hub carrying the arma- 
ture core, and directly bolted to it. The joints of 
the armature conductors with the commutator lugs 

fibre. It is cheaper than vulcanite and more durable than 
pasteboard. 
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are soldered by being dipped in a trough of molten 
metal, thus ensuring the thorough heating and " float- 
ing " of the same. The insulation of the commutator 
is of mica and micanite throughout. The brushes 
used are of carbon, which enables the machine to run 
sparklessly through a large range of load after they 
have been properly bedded and the right lead ob- 
tained. The brush-holders are fixed to gun-metal 
spindles carried by a cast-iron rocker, which runs in 
a groove at the end of the bearing, as shown in the 
illustration. The adjustment is got by means of a 
screw and hand-wheel, which however cannot be seen 
in the figure. 

The brush spindles or holder bars of similar poles 
are connected together by copper collecting straps, 
and from these the current is carried to the main 
terminals. 

The machines are made both shunt and compound 
wound. 

192. Siemens' Fouk-Pole Machine (Fig. 221). 
The cast steel field-frame of this machine is circular 
in shape, and is made in two parts, the lower one being 
supported by the bed-frame. The magnet poles are of 
laminated steel. The armature is cross-connected, and 
its commutator is unusually large in diameter. The 
brushes are of carbon, and are contained in aluminium 
holders, each of which is separately connected to the 
supporting bar by means of a flexible lead. It should 
be noticed that there are no less than eight brushes 
on each pole of the machine illustrated in the figure. 
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The star hand wheel on the front of the left-hand 
pedestal carries a pinion at the other end of its shaft ; 
this engaging in a toothed sector on the rocker. By 
this means the lead of the brushes is adjusted. 

The terminals are mounted on insulating blocks on 
the bed-frame, and are provided with covers. The 
bearings are self-oiling, and each is fitted with a 
gauge glass to show the height of the oil, and with a 
drain-cock. 

193. Laurence, Scott & Co.'s Six-Pole Machine. 
Fig. 222 illustrates a six-pole direct-current generator 
for rope driving, the pulley being grooved for nine 
ropes. As is usual in large machines, there are three 
bearings, these being of the self-oiling type, with oil 
level indicator glasses and drain cocks. The cast-iron 
bed-plate is in one piece, and the bearings are on 
pedestals bolted thereto. 

The magnet cores and yoke are of special cast 
steel, the yoke ring being in two halves, so that 
the upper part can be lifted to get at the armature. 
The latter is of the slotted drum type, and is well ven- 
tilated. 

The six sets of brushes are mounted on a six-armed 
rocker, the position of which may be adjusted by 
means of the hand-wheel seen above the right-hand 
bearing. The brushes are of carbon, and there are 
four to each set, the sets being connected alternately 
with the positive and negative terminals of the 
dynamo. Two of the connecting straps for this 
purpose can be plainly discerned in the figure. 
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Pig. 222a shows the field-frame, armature, and 
right-hand hearing and rocker apart. 
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It was mentioned in § 173 that by crosa-connection 
the current could be collected from a multipolar 



Fig. 222a. Laurence, Scott A Co.'s Six-pole Uachine (Armature and 
Field-frame apart). 

machine with two sets of brushes only. Cross-con- 
nection, however, is seldom resorted to in machines 
for large outputs, as the current density ia eo great 
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that if the number of points of commutation were 
reduced to two, the commutator would have to be 
made much longer in order to give sufficient collecting 
surface. In other words, the bearing surface of the 
brushes must be proportional to the density of the 
current to be collected. And the greater the latter 
the longer must be the commutator. 

194. Phcenix Four -Pole Machine (Fig. 223). 
The illustration on page 406 represents one of the 
latest open-type machines made by the Phoenix 
Dynamo Manufacturing Company. The term open- 
type is used to distinguish ordinary machines from 
those which are more or less cased-in or enclosed {en- 
closed type), the latter construction being chiefly used 
for motors (Chap. XIII.). The machine is of the four- 
pole type with slotted armature and barrel winding 
(§ 183), each coil being separately formed and 
thoroughly insulated before being mounted on the 
core. The core-slots are lined with troughs of flexible 
mica, pressspahn, and oiled linen ; while the end-plates 
are similarly insulated. The core discs are of charcoal 
iron '025 of an inch thick, and are insulated with 
special varnish. Four air spaces are left in the core 
and the whole armature is thus well ventilated. 
Carbon brushes are used. Each main terminal is 
placed in a small insulating box fitted on the bed- 
plate, as seen in the figure. 

The yoke and pole-pieces are of cast steel, and are 
provided with steel pole tips, which keep the field- 
coils in place. The latter are " former " shaped, and 
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are .thoroughly insulated with mica and tape, thin 
wooden flanges being placed at each end for mechanical 
protection. The shaft is thicker than is usual, and 
runs in bearings formed of swivelling or self-aligning 
brass bushes lined with anti-friction metal, the lubri-, 
cation of each being effected by two rings on the self- 
oiling principle (§-189). There are three bearings, 
and the pulley measures 23 inches in diameter with a 
16-inch face. 

The type of machine illustrated is the Phoenix Co.'s 
usual design for open generators and motors; those 
for outputs above 100 K.W. having six poles. 

195. Gas -Driven Multipolab Geneeatob (Fig. 
224). This dynamo is one of a series designed by 
the British Thomson-Houston Co. for coupling direct 
to a gas engine ; and it is capable of yielding an out- 
put of 10 J K.W. at 110 volts, the machine being 
compound wound to give this pressure at all loads. 
The engine shown in the figure is one of the Crossley 
type. 

The dynamo is an eight-pole one, and it is buUt 
on the same general lines as the standard machines 
supplied by the above-named Company for direct 
steam driving. The use of the multipolar form ren- 
ders the machine very compact for a given output. 

The field-frame, which is divided horizontally to 
allow of easy access to the armature, is mounted on an 
extension of the engine bed, which extension also sup- 
ports the outer bearing. This field-frame carries the 
eight poles, four on each half ; and the pole cores, 
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together with their spools or bobbins, are individually 
removable therefrom. 

The magnet bobbin on each pole is held in place by 



Fig. 224. British Thomson-Hooston Multipolar Generator oonpled 
to a CroBsley Gas Engine. 

a projecting pole-piece, but it may easily be removed 
from the pole when this has been unbolted from the 
magnet ring. 
The armature core is built up of soft steel lamina- 
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tions, each lamination being insulated with a coating 
of Japan varnish, in order to retard the setting up of 
eddy currents. The armaiture is of the slot-wound 
type, the winding itself consisting of interchangeable 
former- wound coils. The end-connections of the wind- 
ing are carried on extensions from the armature spider. 

The commutator is built up of hard-drawn copper 
segments insulated with a suitable quality of mica to 
ensure uniform wear, and is carried on a second spider 
fixed to the armature spider. The segments are held 
in such a way as to allow of practically their full 
depth being used for turning down when the com- 
mutator requires trueing up. 

The machine is equipped with carbon brushes and 
brush-holders of special design. There are eight sets 
of brushes (two in each set), and these are connected 
alternately to the + and — poles of the dynamo. The 
brush-holder bars are mounted on, but insulated from, 
a circular rocking frame, which may be rotated by 
the handle seen in the figure. The gear for this is 
mounted on the magnet frame. The bearings are 
fitted with ordinary sight-feed lubricators. 

196. Beush Abc Dykamo (Fig. 225). A section 
of the F.Ms, of this machine is shown at Fig. 172a, 
and from that it would appear as if the dynamo was 
rightly described as a four-pole machine. It certainly 
has four pole-pieces, but as the opposite ones are of 
similar polarity, it must be considered as a two-pole 
machine. The cores of the F.Ms, are oblong in section, 
and are bolted to the cast-iron bearing standards 
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which form their, yokea. The armature core is bailt 
up of iron ribbon wound on a central iron ring. This 
is shown in Fig. 226, where A' is the iron foundation 
ring, upon which is coiled the thin soft iron ribbon or 
strip B. Between each layer of this ribbon are placed 
H-shaped stampings of soft-iron ff, which, together 
with the ribbon, are held in place by bolta r, which 
pass through the ribbon B, stampings H, and founda- 
tion ring A'. These H-pieces form spaces in which 
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the coils are wound. The armature is an open coil 
one (§ 174), and a special compound commutator is used, 
which keeps the least active coils in parallel with 
themselves, and in series with the most active coils ; 
while it successively open-circuits the several coils as 
they pass through the neutral regions of the field 
(Fig. 228). The machine is series wound, and it is. 
used to supply current to arc lamps in series, for 
which purpose a constant current is necessary (§ 179). 
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Fig. 225 represents a machine with twelve coils and 
three commutators ; but for the purposes of description 
we shall consider one having eight coils and two com- 
mutators. Fig. 227 represents the core, carrying eight 
coils. Opposite coils are joined in series after the man- 
ner shown in Fig. 183, the free ends of each pair being 
coftneetedto separate segments of the commutator. For 
I, the connection between opposite coils is not 



Fig. 22G. Brusli Arc Dynamo (Armature Core). 

shown ; but it will be understood that the two coila 
of each pair, A A', BB', CC, and DB', are always in 
series with each other, and therefore may be prac- 
tically considered as one coil. "When these four pairs 
of coils are revolving in the magnetic field between 
N, and S., it is clear that at any given moment only 
one pair can be in the position of greatest activity, 
and only one pair in the position of least activity, 
while the other two pairs will be in an intermediate 
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position. Thus in Fig. 227, A A' are in the position of 
maximum activity, C C are least active, while B B' and 
D D' are in the intermediate positions. In an eight- 
coil machine, such as is represented in the diagram, 
there are two pairs of brushes and two commutators. 



s 




Fig. 227. Brush Arc Dynamo (Diagram of Connections of 

Armature Coils). 

Two pairs of coils, A A' and C C, are connected to one 
commutator, and the other two pairs to the other 
commutator. In Fig. 227 only one commutator is 
shown, the other being behind. The commutators and 
brushes are so arranged that one collects the current 
from the coils in the best position,^ while the other 
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collects from the two pairs in the intermediate posi- 
tions, the pair in the inactive position being cut out of 
circuit. Each pair of coils is successively in the best, 
intermediate, inactive, and intermediate positions. 

The two pairs of brushes are joined in series (Fig. 
229), and the commutators are so constructed that at 



(aj 



'"'U, 
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Fig. 228. Brush Arc Dynamo (Diagram of Connections of 

Armature Coils). 

any instant the two pairs of coils that happen to be 
in the intermediate position are connected in parallel 
with each other, and in series with the most active 
pair, the least active pair being temporarily discon- 
nected from the circuit. Thus with the coils in the 
position shown in Fig. 227 the circuit is as shown in 
Fig. 228a. When the armature has turned 45°, C C 
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and A A' will have entered the position of interme- 
diate activity, B B' will be inactive, and D D' will be 
most active. A A' and C C are therefore temporarily 
joined in parallel with each other, and in series with 
DD', while BB' are cut out altogether. This is de- 
picted in Fig. 2286. Figs. 228c and d show the 




To Ext,-;- 



Fig. 229. Brush Arc Dynamo (Diagram of Commutator 

Connections). 

arrangement of the coils when the armature has 
travelled 90° and 13B° respectively from .the position 
shown in Fig. 227. As will be gathered from Fig. 
228, the machine is series wound, F.M. being the field 
coil. 

Fig. 229 gives a diagram of the two commutators, 
which are of peculiar construction. In reality they 
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are placed one behind the other on the shaft (Fig. 
226), but in Fig. 229 they are shown side by side for 
convenience, b^ is the — brush, 6^ and b^ are con- 
nected together, while 6* is the + brush ; whence the 
current passes through the F.Ms, and external circuit. 
In the position shown, the two pairs of coils B B' and 
D D' are connected in parallel by the brushes 6^ and 
6^, and in series through brush b^ with A A', while C 
are cut out altogether. 

The largest machines of this type will supply as 
many as 65 or 60 arc lamps in series, and give there- 
fore a pressure of nearly 3,000 volts. 

These machines are not so much used as they were 
formerly, as arc lighting is now usually eflfected from 
the low-tension parallel mains laid for general house 
service (Chap. XVII.). But wherever it is required 
to serve a number of arc lamps on a long series line, 
machines of this type are preferable because of the 
smallness of the conductor, and the simplicity of the 
circuit arrangements. The usual arc lamp current is 
about 10 amperes, and this can be carried by a con- 
ductor about -J^th inch in diameter if the lamps are 
arranged in series. 

The subject of arc lamps and their connection in 
circuit is fully dealt with iii the Author's Electric 
Wiring^ Fittings, Switches^ and Lamps, which is a 
supplement to the present work. 
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CHAPTER IX. -QUESTIONS. 
In answering these questions^ give sketches wherever possible. 

*1. Distinguish between undertype, overtype, and central- 
type dynamos, and say which you think the best, and why. 
2. Given the two wires coming from the poles of a con- 
tinuous current dynamo, how can you tell which is positive 
and which negative? [Ord. 1891.] 

*3. Dpfine : driving horn, unit dynamo, Pacinotti teeth, dis- 
tance piece. 

4. Give a clear and careful sectional sketch of a drum 
armature. 

*5. Distinguish between smooth-core and slotted-core arma- 
tures, and enumerate the advantages of the latter. 

*6. Why is the use of single brushes not good? 

7. Distinguish between belt -driving, direct -driving, and 
rope-driving : which do you consider the best for slow speeds 
and high speeds, and why? 

8. Give a hand sketch to full size of a bearing for the shaft 
of an armature : diameter of shafts Ij inches ; length of bearing, 
6 inches. [Ord. 1893.] 

9. Explain various methods of lubricating bearings. 

10. Mention those machines in which the armature can be 
conveniently got without removing it from its bearings. 

11. How are binding wires applied to an armature, of what 
are they made, and why are they used ? 

12. What is a self-aligning bearing? 

13. Explain the advantages of the Eickemeyer method of 
winding drum armatures. 

14 In what ways may the different kinds of dynamo be 
classified ? 

15. Is there any advantage in having an armature large in 
diameter ? 

16. Give a sketch of the connections to the terminal board 
^f a compound-wound Lahmeyer machine. 
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*17. Tabulate all the machines mentioned in this chapter 
under the following headings: — type F.M., no. of poles, kind 
of armature, type of bearing, method of lubrication, special 
points; and give in each case a section of the magnetic cir- 
cuit, showing which parts are of wrought and which of cast 
iron. 

18. What are the advantages of four-pole over two-pole 
machines ? 

19. What peculiarities are there in the design of a dynamo 
for supplying arc lamps in series, at (say) 3,000 volts ? [Ord. 
1895.] 

20. Explain why armatures of large diameter are generally 
necessary in a high voltage direct-current machine. 

21. Considering one pair of coils A A' of the brush arc 
dynamo, show by sketches the dijBferent ways in which it is 
joined up with the other coils, and with the external circuit, 
during one revolution of the armature : and give reasons. 

*22. A drum armature has an invisible contact between two 
neighbouring armature conductors; how would you localise 
it? [Prel. 1897.] 



[NOTE, — Volume II. will comprise chapters on the Theory and 
Working of Dynamos, Alternating Currents, Alternators, 
Motors, Meters, Accumulators, Transformers, and Central 
Stations. 

It was intended to include in this the already published 
Electric Wiring^ Fittings^ Switches^ and Lamps] but 
owing to the bulk of the latter, it has now been decided 
to keep it as a separate and supplementary volume.] 
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LAWS. 

PABIOSAPH 

Law of Fall of Potential 47 

Laws of Electro-magnetic Induction 62 

Lenz'slaw 65 

Ohm's law 81 

ETJLES. 

Clock-face Eule for finding the + direction round the mag- 
netic field of a straight conductor carrying a direct 
current 50 

Clock-face Rule for finding the polarity of a solenoid or of 

an electro-magnet 59 

Left-hand Rule for finding the direction of the E.M.F. in- 
duced in a conductor which is moved across a magnetic 
field 63 

Right-hand Rule for determining the polarity of a solenoid 

or of an electro-magnet 69 

Right-hand Rule for finding the direction of a direct cur- 
rent in a conductor 52 

Right-hand Rule for finding the direction of deflection of a 

magnetic needle hy a direct current in a conductor . 51 

Right-hand Rule for finding the + direction round the 

magnetic field of a conductor carrying a direct current. 50 

Rule for electric bell wiring 79 

Rules giving the relation between the resistance, current, 

and loss of volts in a conductor 47 

Screw Rules 50, 59 
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TABLES. 

PAXA.0S1PK. 

Comparative Conductance and Comparative Besistance . 20 

Conductivity and Resistivity 21 

Conductors and Insulators 18 

Decimal Prefixes to Units 5 

Equivalents of Work and Power 12 

Metric Measures of Length, Mass, and Volume; with 

British equivalents. 6 

Natural Sines, Tangents, etc 104 



Abscissffi, 98. 

Absolute system of units, 7. 

Activity, 88. 

Agglomerate block Leclanch^ cell, 

71. 
Alarm voltmeter, 142. 
Allen (W. H.) Son & Co.'s 2-pole 

en|;ine-coupled dynamo, 

Alloys, 21.' 

Alternating current electro-mag- 
nets, 59a. 

— currents, 44. 
Alternator, 151. 
— . Action of, 46. 
— . Simple, 158. 
Ammeter, 125. 

— . Atkinson^s, 188a. 
— . Ayrton & Perry's Spring, 
187. 

— Davies* (Muirhead), 142a. 
— . Evershed's Gravity, 135. 

— for traction work, 142. 

— . Holden, Drake, & Gorham, 
140. 

■'-. Modification of for alternat- 
ing current work, 136, 137. 

— . Muirhead (Davies'), 142a. 

— . Paterson & Cooper's "Phoe- 
nix" 188. 

— . Recording, 148. 

--. Schuckert, 141. 



Ammeter. Simple gravity, 189. 
— . Swinburne's " N "-type, 133. 
— . — " U " or inductor type, 134. 
— . Twisted Strip, 127. 
— . Walsall, 142. 
— . Weston, 142b. 
Ampere, 27, 80, 81. 
— . Andr6 Marie, 81. 

— balances, 148. 

— -turns, 92, 95a. 
Angle of lead, 171. 

Annular Ironclad electro-magnet, 

5a 

Arc, 48. 

lighting dynamo. Brush, 196. 

Area of circle, 24. 

— . Unit of, 7. 

Armature, 151. 

— -. Bar, 187. 

— . Choice between ring and 

drum, 168. 
— . Closed-coil, 159j 170. 

— conductors. Driving of, 160, 

190. 

— core, 157. 

. Lamination of, 164. 

— . Cross-connection of, 173, 198. 
—. Cylinder, 156, 158. 

. Action of, 170. 

— . Different kinds of, 156. 

— . Disk, 156, 161. 

— . Drum, 156, 169. 

. Winding of, 162, 172, 188. 
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Armature. Joel, 157. 

— . Open-coil, 169, 174. 

— . Polarized, 81. 

— . Bing or Gramme, 156, 157. 

. Action of, 170. 

— . Sections of, 181. 

— . Siemens* H or shuttle, 155. 

— . Slotted core, 181. 

— . Smooth core, 181. 

— . Winding of, 162, 172, 183. 

Astatic detector, 118. 

Atkinson^s Ammeters and Volt- 
meter, 138a. 

Attraction and repulsion of cur- 
rents, 69. 

Ayrton & Mather^s Electrostatic 
voltmeter, 132. 

— - Perry's Spring voltmeters 

and ammeters, 137. 

— — Twisted Strip voltmeters 

and ammeters, 127. 

B. 

B SB (Flux-density or Induction.) 
B.O.T. (Board of Trade unit.) 
B.T.U. (British Thermal unit.) 
Balances. Electric, 143. 
Ballistic methods of magnetic 

testing, 103. 
Bar armature, 187. 

— electro-magnet, 58. 
Barrel Winding, 183. 
Battery. Action of, 46. 
Bearings of dynamo. Self-align- 
ing, 181. 

— . Self-oiling or ring, 187, 189. 
Bell. Adjustment of, 76. 

— circuits, 79, 80, 82, 83, 85. 
— . Continuous ringing, 83. 

— . Different forms of, 77. 
— . Magneto-, 84. 

— . Ordinary, 75. 
— . Single-stroke, 76. 

— wiring. Maycock's rule for, 

79. 
Binding wires, 183. 
Bi-polar dynamo. See Two-pole 

dynamo. 



Board of Trade Standards, 106. 

Unit, 28. 

. Equivalents of 29. 

British Thermal unit, 36. 
Brush arc dynamo, 196. 

holder bar, 177. 

holders, 177, 178. 

— two-pole central-type machine, 

186. 
Brushes, 153, 178. 
— . Carbon, 178. 
— . Construction of, 178. 
— . Lead of, 171. 
Burglar contact, 78. 

C. 

C.G.S. (Centimetre - Gramme - Se- 
cond.) 

— system of units, 7. 

— lines of force, 92. 
cm. (centimetre.) 
Calculations of resistance, 25. 
Calorie, 86. 

Capacity, 37,40,41. 

— . Unit of, 40. 

Carbon brushes, 178. 

Cardew voltmeter, 126. 

Carporoue cell, 71. 

Cell tester, 128. 

Cells. Charging and working of, 
73. 

— . Connecting-up E.M.P., and 
resistance of, 74. 

— . Primary, 71, 72. 

— . Standard, 107. 

Centi-, a prefix, 5. 

Centimetre, 5. 

Centimetre-gramme-second sys- 
tem of units, 7. 

Central-type dynamo, 180. 

Charge, 16. 

Charging and working of Le- 
clanch^ cells, 73. 

Chemical force, 2. 

Circle. Area of, 24. 

Circuit, 80. 

— . Activity in a, 33. 

— diagrams, 79, 80, 82, 83, 85. 
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Circuit. Hydraulic aoalogae il- 
Instratin^ action of, 46. 

— . Magnetic, 90, 91, 92. 

— . Secondary, 64. 

Circuits. Electric and magnetic, 
90,91. 

Circular mQ, 23. 

Clark standard cell, 107. 

Classification of dynamos, 151, 
165, 169, 187. 

Clock-face Bale for determining 
the polarity of a solenoid 
or electro-magnet, 59. 

Clock - face Bule for finding 
the positive direction of 
the magnetic field round 
a conductor, 50. 

Closed circuits. Electric and mag- 
netic, 90. 

coil armature, 159, 170. 

type machine, 191. 

Club-foot electro-magnet, 58. 

Coercive force, 95a, 101. 

Coils. Resistance, 109. 

— , Standard resistance, 108. 

— . Winding and connection of, 
86. 

Collectors, 151. 

Commercial unit of electrical 
power, 12. 

supplj', 28. 

Commutation. Diameter of, 171. 

Commutator, 151 

— . Compound, 196. 

— . Two-part, 154. 

Commutators. Construction of, 
176. 

Compound- wound or comjiounded 
dynamo, 169. 

Condenser, 38. 

— k Action of, 39. 

— . Energy in, 41. 

— . Uses of, 42. 

Conductance, 19. 

— . Comparative, 19. 

. Table of, 20. 

— ^. -Magnetic, ^,89, 95, 95x. 

— * Order of la 



Conductance. Specific, 21. 

— . -magnetic, ^, 95, 95a. 

— . Unit of, 22. 

Conductivity, 21. 

Conductors, 17. 

— . Table of, 18. 

Connecting-up of primary cells, 

74. 
Connectors, 172. 
Consequent poles, 167. 
Constant-current dynamos, 179. 

potential dynamos, 179. 

Contact makers, 78. 

points or surfaces, 75, 78. 

-lid, 128. 
Continuous current, 44. 

ringing bell, 83. 

Controlling and deflecting forces, 

122, 149. 

— magnet, 122, 12a 
Copper brushes, 178. 

Core plates of armature, 157, 159. 
Coulomb, 27. 

— -volt 34. 

Crompton rocker and brush- 
holders, 177. 

— overtype machine, 1^. 

Cross - connecting of armatures, 
173, 193. 

Crossley gas-engine coupled to 
Thomson - Houston dy- 
namo, 195. 

Current, 16, 27, 30, 44. 

— . Activity of, 33. 

— . Alternate or alternating, 44. 

— . B.o.T. standard of, 106. 

— balances, 143. 

— . C.G.S. unit of, 92. 

— . Continuous or direct, 44. 

— . Effects of a, 4a 

— . Extra, 67, 100, 

— . Heating eflfect of, 35. 

— . Magnetic, 90, 95a. 

— ^. Magnetic ef^t of, 49. 

— . Measurement of, 115, 125, 143. 

— ^. Potentiometer method of 

measuring, 115. 
^tums, 95a. 
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Currents. Attraction and repul- 
sion of, 69. 
— . Eddy or Foucault, 59a, 164. 
— . Induction of, 60. 
Curves, 93. 
— . Cyclic, 99* 
— . Cyclic BH, 101. 
— . Hysteresis, 101. 

— of induction, 94. 
— . Periodic, 9i9. 

— . Permeability, 98, 101. 
Cycle, 99. 
— . Periodic, 99. 
Cyclic BH curve, 101. 

— curve, 99. 

— process of magnetisation, 101. 
Cylinder armature, 156, 158. 
. Action of, 170. 

D. 

Damping devices, 119, 131, 132. 
Davies' (Muirhead) voltmeters and 

ammeters, 142a. 
Deci-, a prefix, 5. 
Decimal prefixes to units, 5. 

— system, 5. 

Deflecting and controlling forces, 
122, 149. 

Deflection magnetometer, 97. 

. Deka-, a prefix, 5. 

Deka-ampere balance, 143. 

De Meritens dynamo, 169. 

Derived units, 7. 

Detector, 117. 

— . Astatic, 118. 

Dial arrangement of resistance 
coils, 123. 

Diamagnetic bodies, 90, 95a. 

Diameter of commutation, 171. 

Dielectric, 38. 

Difference of Potential. See Poten- 
tial Diflerence. 

Differential galvanometer method 
of measuring resistance, 
111. 

Direct current, 44. 

dynamos, 180. See Dynamo. 

— -thrust brush-holders, 177. 



Disk armature, 156, 161. 
Distance pieces, 182. 
Door-trigger, 78. 
Double-contact key, 112. 

push, 78. 

magnet dynamo, 165, 167. 

" Drag " on armature conductors, 

160. 
Driving horns, 190. 

— of armature conductors, 160. 
Drop in volts, 47. 

Drum armature, 156, 159. 
. Winding of, 172, 183. 

— and ring armatures. Choice 

between, 163. 
Dry cells, 72. 
Dynamo. Action of, 46. 
— . Allen, Son & Co.'s undertype 

with engine, 182. 
— . Alternating current, 151. 
— . Arc lighting, 196. 
— . Bearings of, 181. 
— . Brush arc, 196. 
— . Brush two-pole central-type, 

186. 
— . Classification of, 151, 165, 169, 

187. 
— . Compound, 169. 
— . Constant current, 179. 
— . Constant potential, 179. 
— . Continuous or direct current, 

151, 154, 180. 
— . Crompton overtype, 185. 
— . De Meritens, 169. 
— . Different kinds of, 151. 
— . Direct current, 151, 154, 180. 
— . Double magnet, 165, 167. 

— driven by turbine, 189. 
— . Edison-Hopkinson, 188. 
— . E.MF.of, 154. 

— . Ernest Scott & Mountain's, 

184. 
— . Excitation of, 169, 180. 
— . Field magnets of, 151, 165, 

166, 167, 168. 
— . Four-pole, 165, 168. 
— . Garbe,Lahmeyer & Co.'s, 189. 
— . Hand, 155. 
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Dynamo. Jackson overtype, 187. 
— . Johnson & Phillips' multi- 
polar, 190. 

Kapp type, 190. 

Lahmeyer, 189. 

Lanrence, Scott & Go's, 193. 

Lubrication of, 182, 187, 189. 

Magneto, 169. 

Manchester, 188. 

Mather & Piatt, 188. 

Mayor & Coulson's multi- 
polar, 191. 

Multipolar, 165. 

Open-coil, 174. 

Overtype, 180. 

Parker overtype, 183. 

Phoenix four-pole, 194. 

Principle of, 160. 

Bope-driven, 188. 

Section of overtype, 181. 

Self-exciting, 155, 169. 

Separate-coil, 169. 

Separately excited, 169. 

Series, 169. 

Series and long- shunt, 169. 

Series and separately excited, 
169. 

Series and short-shunt, 169. 

Shunt, 169. 

Siemens' four-pole, 192. 

Simple direct current, 154. 

Single-magnet, 165, 166. 

Sparking of, 175. 

Thomson-Houston gas-driven 
multipolar, 195. 

Turbine-driven, 189. 

Two-polo, 165. 

Tyne undertype, 184. 

Undertype, 180. 
Dynamometer. Siemens' electro-, 

144. 
Dyne, 7. 

E. 

E.H.P. (Electrical horse-power.) 
E.M.P. (Electromotive-force.) 
E.C.C. cell, 72. 
£.a cell, 72. 



Earth's Magnetic force, 97. 
Eddy currents, 59a, 164. 
Edison-Hopkinson dynamo, 188. 
Effects of a current, 48. 
Eickemeyer method of winding 

drum armatures, 183. 
Electric and magnetic circuits, 

90, 91. 
-T- arc, 49. 

— balances, 143. 

— bell, 75. See Bell. 

— heater, 59a. 

— indicator, 81. 
Electrical horse- power, 11. 

— measurements, 105. 

— power. Commercial unit of, 

12. 

— pressure, 13, 17. See also Poten- 

tial difference. 
replacement indicator, 81. 

— standards, 105. 

— supply. Commercial unit of, 

28. 
• — work and power, 11, 83, 84. 
Electricity, 16, 43. 
Electro-dynamometer, 144. 
Electrolysis, 48. 
Electro-magnet, 53. 

. Alternate current, 59a. 

. Annular ironclad, 58. 

. Bar, 58. 

. Club-foot, 58, 

. Horseshoe, 58. 

. — with one coil on yoke, 

58. 

. Ironclad, 58. 

. Spiral, 56. 

. Straight- wire, 56. 

. Types of, 58. 

. Winding and connection 

of coils of, 86. 
Electro- magnetic induction,60,152. 

. Experiments on, 61. 

. Laws of, 62. 

Electromotive-force, 2, 30. 

. Induction of, 64. 

. Measurement of, 125, 149. 

of dynamo, 164. 
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Electromotive-force of primary 

cells, 74. 
. Potentiometer method of 

measuring, 115. 
Electrostatic voltmeter. Ayrton 

& Mather's, 132. 

. Lord Kelvin's, 129. 

. Multicellnlar, 131. 

. Swinburne's, 130. 

Enclosed-type machine, 194. 
Energy, 12, 13, 14. 

— in a condenser, 41. 
Engine-room electrostatic volt- 
meter, 131. 

Erg, 7, 12. 

Ernest Scott & Co.'s dynamo, 184. 
Eyershed's gravity voltmeters and 
ammeters, 135. 

— testing set (Ohmmeter), 124. 
Excitation of dynamos, 169, 180. 
Extra currents, 67, 100. 



F. 



F.M. (Field Magnet.) 
F.P.a (Foot-Pound-Second.) 

— system of units, 7. 
Fall of potential, 47. 
Farad, 40. 

Faraday's law of electromagnetic 

induction, 62. 
Field. Magnetic, 49. 
. Positive direction along, 

49. 

— magnets, 151, 165, 166, 167, 168. 
— . Unit magnetic, 92. 

Fire Alarms, 78. 

Flux. Magnetic, 90, 91, 95a. 

density, 90, 92, 95a. 

. Measurement of, 97. 

Foliated dynamo brush, 178. 
Foot-pound, 8, 12. • 

second system of units, 7. 

Force, 1, 14. 
— . Chemical, 2. 
— , Different kinds of, 2. 
— , Electro-motive. See Electro- 
motive force. 



Force. Magneto-motive. iSee Mag- 
neto-motive force. 
— . Mechanical, 2. 
— . Muscular, 2. 

— of gravitation, 2, 3, 7. 
— . Unit of, 7. 

Former-wound coils, 172, 183, 184. 
Formulae. Ma^etic, 96, 97, 98. 
Foucault or eddy currents, 59a, 

164. 

Four-pole armatures. Cross con- 
nection of, 173. 

dynamo, 165, 168. 

Free magnetism, 55, 89, 95a. 

French HP., 11. 

— heat unit, 36. 
Friction wheels, 130. 
Fundamental units, 7. 

G. 

Galvanometer, 116. 

— . Detector, 117, 118. 

— . Differential, 111. 

— . Holden-D'Arsonval, 120. 

— . Hot-wire, 120. 

— lamp and scale, 121. 
— . Moving coil, 120. 

— . Moving magnet, 119. 

— . Beflecting or mirror, 119, 120. 

— . Tangent, 122. 

Garbe, Lahmeyer & Co.'s dynamos, 

189. 
Gas-driven dynamo, 195. 
Gauze dynamo brush, 178. 
Generator, 124, 180. 
Gramme, 6. 

— armature. See King armature. 
— . British equivalents of, 6. 
Gravitation. Force of, 2, 3. 
Gravity, 3, 7. 

— voltmeters and ammeters. See 

Voltmeters and Ammeters. 

H. 

H (Magnetic force.) 

H (Horizontal component of 

Earth's magnetic force.) 
H or shuttle armature, 155. 
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H.P. (Horse-power.) 
Hand dynamo, 155. 

— rules, 50, 51, 52, 59, 63. 
Heat, 35. 

— alarm, 78. 

— . Effect of on resistance of 
materials, 26. 

Heat units, 36. 

Heater, 59a. 

Heating effect of current, 35, 48. 

Hekto-, a prefix, 5. 

Hellesen cell, 72. 

Henry, 67. 

Ho Iden-D' Arson val galvanometer, 
120. 

Holden, Drake, & Gorham cell 
tester 128. 

— voltmeters and amme- 
ters, 140. 

Holden hot-wire galvanometer, 
120. 

— recording instruments, 148. 
Horizontal component of Earth's 

magnetic force, 97. 
Horns of pole -pieces, 195. 
Horse-power, 9, 11, 12. 

. Electrical, 11, 12. 

. French, 11. 

Horseshoe electro -magnet, 58. 
with one coil on yoke, 

58. 
Hot-wire galvanometer, 120. 

instruments, 126. 

Humming of alternating current 

magnets, etc., 59a. 
Hysteresis, 100. 

— curve, 101. 

— . Static and viscous, 100, 101. 



I. 



I (Intensity of magnetisation.) 

Idle wire, 158. 

Impressed E.M.F., 151. 

Indicators, 81. 

Inductance, 67. 

— of magnet coils, 86. 

-. Units of, 67. 



Induction, 90, 92, 95a. 

— . Curves of, 94. 

— . Electro-magnetic, 60, 61, 152. 

. Laws of, 62. 

— . Intensity of, 90, 95a, 97. 
— . Measurement of, 97. 
— . Mutual, 68. 

— of currents, 60. 
E.M.F., 64. 

— • Self. See Inductance. 

Influence machine, 39. 

Insulators, 17. 

— . Table of, 18. 

Intensity of induction, 90, 95a, 97. 

magnetisation, 97. 

Internal magnetisation, 90, 95a. 

. Measurement of, 97. 

Iron. Magnetic Tests of, 96, 97, 

101, 102, 103. 
Ironclad electro- magnet, 58. 
. Annular, 58. 

J. 

J (Joule's equivalent.) 
Jackson's brush-holders, 177. 

— overtype machine, 187. 
Joel Armature, 157 

Johnson & Phillips' overtype and 

four-pole machines, 190. 
Joule, 10, 11, 12, 34, 36. 

— effect, 35. 
Joule's equivalent, 36. 

— law, 35. 

K. 

Kapp-type dynamo, 190. 

Kelvin's (Ld.) electric balances, 
143. 

electrostatic voltmeter, 129. 

multicellular „ 131. 

watt balances, 143. 

Key. Double or successive con- 
tact, 112. 

— . Short-circuiting, 123. 

— . Sliding, 113. 

— . Top-contact, 110. 

Kilo-, a prefix, 5. 
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Kilogramme, 6. 

degree-centigrade, 36. 

Kilogrammetre, 8, 12. 
Kilowatt, 12. 
hour, 29. 

L. 

L (Inductance.) 

Lacombe-Leclanch6 cell, 71. 

Lahmeyer dynamos, 189. 

Lamination of armature cores, 
164. 

Lamp and scale for reflecting 
galvanometer, 121. 

Laurence, Scott & Co.'s multi- 
polar dynamos, 193. 

Laws. See front page of Index. 

Lead of brushes, 171. 

— . Angle of, 171. 

Leakage. Magnetic, 90, 91. 

Leclanch6 and similar cells, 71. 

Left-hand Bule for finding the 
direction of 'the EM.F. 
induced in a conductor 
which is moved across a 
magnetic field, 63. 

Length, Units of, 4, 6. 

Lenz's law, 65. 

Leyden jar, 39. 

Lightning, 17. 

Lines of force, 54, 57, 90, 95a. 

— — — . C/.ljr.o., 92. 

. Properties of, 69. 

induction, 90, 95a. 

Litre, 6. 

— . British equivalents of, 6. 

Lord Kelvin's instruments. See 

Kelvin. 
Loss of volts, 47. 
Lubrication of dynamos, 182, 187, 

189. 
Luminous effect of current, 48. 

M. 

M (Magnetic moment.) 

m.f.d. (Microfarad.) 

mm. (millimetre.) 

M.M.F. (Magnetomotive force.) 



Machine, 180. See Dynamo. 
Magnet. See Electro-magnet. 
Magnetic and electric circuits, 
90,91. 

— bodies, 90, 95a. 

— circuit, 90, 91, 92. 

— conductance, 55, 89, 95, 95a. 
. Specific, 92, 95, 95a. 

— "current," 90, 95a. 

— drag, 69, 159. 

— effect of a current, 48, 49. 

— excitation, 91. 

— field, 49. 

. Positive direction along, 49. 

. Unit, 92. 

— flux, 90, 91, 92, 95a. 

— force, 90, 92, 954. 

. Measurement of, 96. 

— formulsB, 96, 97, 98. 

— induction, 90, 92, 95a. 
. Measurement of, 97. 

— leakage, 90, 91. 

— lines, 54, 57, 90, 95a. 

. C.G.S., 92. 

. Properties of, 69. 

— moment of a magnet, 97. 

— permeability. See Permea- 

bility. 

— polarisation, 55. 

— pole. Unit, 92. 

— potential or pressure, 92, 95a. 

— properties of iron and steel, 88. 

— qualities of iron, 95. 

— resistance, 90, 91, 95, 95a. 
. Specific, 92, 95, 95a. 

— saturation, 94, 95. 

— terms. Summary of, 95a. 

— tester. Ewing's, 103. 
Magnetising force, 92, 94, 95a. 

. Measurement of, 96. 

Magnetisation. Curves of, 94. 
— . Cyclic process of, 101. 

— . Intensity of, 97. 
— . Internal, 90, 95a. 

. Measurement of, 97. 

Magnetism, 95a. 

— . Free, 55, 89, 95a. 

— . Molecular theory of, 55. 
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ICagnetiaD. Sesidnal, 89^ 96a, lOL 
— ^ Sarface, fJB. 
— . Ua^rfiil. ^. 95a. 
Magneto-bell, S4. 

dynamo, 169. 

machine or generator, d^ 

Magnetometer. Deflection, 97. 
Magneto-motive-fiorce, 2, 90, 91, 

92,95a. 
Magnets, 53L 
— ^. Electro, 53. 
— . Permanent, 53L 
Manchest^ dynamo, ISB. 
Mass, a. 

— . Units of, 4, 6. 
Mather & Piatt's dynamos, 18B. 
Ma7or iL Coalson's bmsfa. holders, 

177. 

multipolar machine, 191. 

Maycoek^s Hand Soles, 50, 51, 52, 

59,6a 

— mle for bell-wiring, 79. 
Measoresw Metric, 6. 
Mechanical force, 2. 

— replacement indicator, SI. 
Meg- or ^iegSL-, a prefijt, 5. 
Megamho, 2L 

Megohm, 5, 23» 

Metre, B. 

— , British, equivalents of, 6. 

— bridge. See Slide-wire bridge. 
Metric measures, 6« 

— system, 4^ 
Mho, 22. 

Micro-, a prefix, 5. 
Microfarad, 5, ij. 
Microhm, 21, 2^. 
MiJ, 33. 

— . Circular, 23. 

Milli-, a prefix, 5. 

Milliamp«re, 5. 

Mirror galvanometer, 119. 120. 

Molecular theory of magneti-im, 

56. 
Momentum, 15. 
Morse push, 78. 
Moving-magnet and -coil galvano- 

netexa, 119, 120. 



Muirhead (Davies) voltmeters and 

ammetezSy I^Qa. 
Multicellular electrostatic volt^ 

meter, 131. 
Multipoiar dynamo, ISa, 
Muscular force, 2. 
Mutual induction, 6& 
Myria-, a prefix, 5. 
Myriavolt, a. 

. IT. 

Negative potgntfaJ, 45. 

JSeutral points on a comnrutatorr 

171. 
mbn-canductors, 17, IS. 

magnetic bcxiies, 90, 91, 95a. 

'Sarwidi four-pole dynamo^ 198. 

O. 

Obacli cell, 72. 
Ohm, 22, '23, 30, 31. 
Ohmmeter, 124. 
Ohm's law, 31, 47. 

. ^Examples in, 32. 

OU throwos, 181, 180, 19L 
Open-coil armatures, 15i>, 174^ 
d3|riianios, 174. 

— type dynamos, 194^ 
Ordinates, 93. 
Overtype dynamo, 180. 

P. 

P.D. (Potential di-flffrencfc) 
Pw. (Watts.) 
Pacinotti teeth, 181. 
Paramagnetic bodies, 90, 95a. 
Parker overtype machine, 188. 
Paterson & Cooper's "Phoenix" 

voltmeters and ammetexsy 

138. 
Pendulum indicator, 81. 
Periodic curve, 99. 

— cycle, 99. 
Permanency, 80, 95a. 
Permanent magnet. 53. 
Permeability, 80, 92, 95, 95a. 
— . Calculation of, 97. 

— curve. 97, 101. 
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Permeameter, 103. 
Permeance, 89, 92, 95, 95a. 
Permeation, 90, 95a. 
Phcenix four-pole machine, 194. 
Physiological effect of current, 48. 
Pi (t), 24. 
Platinoid, 21. 
Platinum-silver, 21. 
Polarisation. Magnetic, 55. 
Polarised armature, 81. 
Pole pieces, 155. 
— . Unit, 92. 
Portable testing set, 123. 
Positive direction along magnetic 
field. 49. 

— potential, 45. 
Potential, 45 

— -difference (P.D.), 30, 45, 47. 

. Measurement of, 125, 149. 

. Potentiometer, method of 

measuring, 115. 

— . Fall of, 47. 

— . Magnetic, 92, 95a. 

Potentiometers, 115. 

Poundal, 7. 

Power, 9, 10, 14. 

— . Electrical, 11, 33, 84. 

. Commercial unit of, 12. 

— . Equivalents of, 12. 

— . Measurement of, 149. 

Prefixes to units, 5. 

Pressspahn, 191. 

Pressure, 17, 30. See also Poten- 
tial difference. 

— . Ro.T. standard of, 106. 

— . Magnetic, 92. 

Proportion, 25. 

Pull, 7a 

Push, 7a 

— . Beplacing, 8L 



Q. 



Quadrant, 67. 
Quantity, 27, 41. 

B. 

R (Eeluctivity.) 

Bate of working, 9. See Power. 



Batio, 25. 

Becording voltmeters and am- 
meters, 148. 
Bectified currents, 151. 
Beflecting galvanometers, 119, 120. 
Belay, 82. 

— voltmeter, 142. 
Beluctance,90, 91, 95, 95a. 
Beluctivity, 92, 95, 95a. 
Bemanence, 89, 95a, 101. 
Beplacing push, 81. 
Beproducea deflection method of 

measuring resistance, 110. 
Besidual magnetism, 89, 95a 101, 
Besistance, 17, 19, 24, 80, 90. 
— . B.O.T. standard of, 106. 
— . Calculations of, 25. 

— coil. Standard, 106. 

— coils, 109. 

. Dial arrangement of, 123l 

— . Comparative, 19. 

. Table of, 20. 

— . Effect of heat on, 26. 
— . Magnetic, 90, 91, 95, 95a. 
— . Measurement of, 110, 111, 112. 
113, 114, 124, 149. 

— of primary cells, 74. 
— . Specific, 21. 

— . Specific magnetic, 92, 95, 95a. 

Besistances, 109. 

Besistivity, 21. 

Betentiveness, 89, 95a, lOL 

Bho (p), 24. 

Bight-hand Bules, 50, 51, 52, 59. 

— and Left-hand Bules. See foot- 

note, 50. 
Bing armature, 156, 157. 
. Action of, 170. 

— and drum armatures. Choice 

between, 163. 

— lubricators, 187, 189. 
Binser, 84. 

Bocker, 155. 

Bookers. Construction of, 177. 

Bone-driven dynamo, 188. 

Bule for bell wiring. Maycock^s, 

79. 
Bules. See front page of Index* 
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Salient poles, 166, 167. 

Saturation, 94, 95. 

Scale and lamp for reflecting gal- 
vanometer, 121. 

Schnckert voltmeters and am- 
meters, 141. 

Screw Rules, 50, 59. 

Secohm, 67. 

Secondary circuit, 64. 

Segment of commutator, 154. 

Self-aliening bearing, 181. 

exciting dynamo, 155, 169. 

induction. See Inductance. 

oiling bearings, 187, 189. 

replacement indicator, 81. 

Semi-conductors, 17, 18. 

Separate-coil dynamo, 169. 

Separately excited dynamo, 169. 

Series and long-shunt dynamo, 
169. 

separately excited dynamo, 

169. 

short-shunt dynamo, 169. 

— dynamo, 169. 
Short-circuiting key, 123. 
Shunt dynamo, 169. 
Shunts. Use of, 110 123. 
Shuttle armature, 155. 
Siemens^ electro -dynamometer, 

144. 

— 4-pole dynamo, 192. 
— H-armature, 155. 
— wattmeter, 146. 
Sight-feed lubricator, 182. 
Silvertown testing set, 123. 
Sines. Table of, 104. 
Single-magnet dynamo, 165, 166. 

stroke bell, 76. 

Slide-wire bridge, 113. 

and Wheatstone bridges. 

Comparison between, 114. 
Slide rails, 189. 
Sliding key, 113* 
Slottea-core armature, 181. 
Smooth-core armature, 181. 
Solenoid, 54, 57, 



Sparking of dynamos, 175. 
Specific conductance, 21. 

— magnetic conductance, 92, 95, 

95a. 
resistance, 92, 95, 95a. 

— resistance, 21. 
Spider, 157. 

Spiral electromagnet, 56. 

Squared paper, 93. 

Standard cells, 107. 

Standards. Board of Trade, 106. 

— . Electrical, 105. 

— . Test room, 107. 

Static hysteresis, 100, 101. 

Straight-wire electromagnet, 56. 

Substitution method of measuring 
resistance, 110. 

Successive contact key, 112. 

Summary of magnetic terms, 95a. 

Supply unit, 28. 

Surface magnetism, 98. 

Susceptibility, 98. 

Suspended-coil galvanometer, 120. 

Swinburne's electrostatic volt- 
meter, 130. 

— non-inductive wattmeter, 147. 

— " N " type voltmeters and am- 

meters, 133. 

— " U " or inductor type of volt- 

meters, ammeters, and 
wattmeters, 134. 
Switches for bells, etc., 78. 



T. 



Tables. See second page of Index. 

Tangent galvanometer, 122. 

Tangents. Table of, 104. 

Test room standards, 107. 

Testing set. Evershed's (Ohm- 
meter), 124. 

. Silvertown, 123. 

Theory of magnetism, 55. 

Therm, 36. 

Thomson-Houston multipolar gaa- 
driven dynamo, 195. 

Time. Units of, 4. 

Top-contact key, 110. 
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Trembling bell, 75. 
Trigger contact, 78. 
Turbine-driven dynamo, 189. 
Twisted-strip voltmeters and am- 
meters, 127. 
Two-pole dynamo, 165. 

way push, 78. 

Tyne undertype dynamo, 184. 

U. 

Undertype dynamo, 180. 
Unit. Board of Trade, 28. 
. Equil vents of, 29. 

— magnetic pole, 92. 
field, 92. 

— of area, 7. 

capacity, 40. 

conductance, 22. 

current, 27. 

. C/.(jr.O., 92. 

electromotive force, 17, 30, 

31. 

force, 7. 

heat, 86. 

inductance, 67. 

length, 4, 6. 

mass, 4, 6. 

quantity, 27. 

resistance, 23. 

time, 4, 7. 

velocity, 7. 

volume, 6, 7. 

Units, 4. 

— . C.G.S. or absolute system of, 

— . Decimal prefixes to, 5. 
— . Derived, 7. 
— . r.P.S. system of, 7. 
— . Fundamental, 7. 

— of power or activity, 11, 33. 
work7, 8, 10. 

Useful magnetism, 89, 95a. 

V. 

Velocity. Unit of, 7. 
Vibrating bell, 75. 

— indicator, 81. 



Viscous hysteresis, 100, 101. 

Volt, 17, 30, 31. 

Volt-ampere, 33. 

second, 34. 

Voltage, 30. 

Voltmeter, 125. 

— . Alarm, 142. 

— . Atkinson's, 138a. 

^— .. Ayrton & Mather's electro- 
static, 132. 

— . Ayrton & Perry's spring, 137 

— . Cardew, 126. 

— . Davies (Muirhead), 142a. 

— . Engine room, 131. 

— . Evershed's gravity, 135. 

— . Holden, Drake & Gorham, 
140. 

— . Lord Kelvin's electrostatic, 
129. 

— . multicellular, 131. 

— . Modification of for alternating 
current work, 136, 137. 

— . Muirhead (Davies), 142a. 

— . Multicellular, 131. 

— . Paterson & Cooper's **Phce- 
nix," 138. 

— . Recording, 148. 

— . Eelay, 142. 

— . Schuckert, 141. 

— . Simple gravity, 139. 

— . Swinburne's electrostatic, 130. ' 

_. —« N "-type, 133. 

_. —« U "-type, 134. 

— . Twisted Strip, 127. 

— . Walsall, 142. 

— . Weston, 142b. 

Voltmeters. Classification of, 149. 

Volts. Drop in, or loss of, 47. 

Volume. Unit of, 6, 7. 

W. 

Walsall voltmeters and ammeters, 

142. 
Watt, 10, 11, 12, 33, 34. 
— balance, 143. 

hour, 20. 

second, 34. 
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Wattmeter, 14B. 

— . Siemens^ 146. 

— . Swinbume^s non-inductive, 
147. 

— . — " U " or inductor type, 134. 

Weight, 8. 

Weston voltmeters and ammeters, 
142b. 

Wheatstone bridge, 112. 

— and slide-wire bridges. Com- 
parison between, 114. 



Winding and connection of electro- 
magnet and instrument 
coils, 86. 

— of armatures, 162. 

— of drum armatures, 172, 183. 
Work, 7, 8, 14. 

— . Electrical, 11, 33, 34. 
— . Equivalents of, 12. 
^. Units of, 7, 8, 10. 
— . Various kinds of, 10. 



N.B.— The figures refer to the numbered paragraphs 
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Industrial Electricity, 2s. 6d, 
Inventions, How to Patent, zr. 6d, 
Iron Analysis, Arnold, lox. 6^. 

Analysis, Blair, iSs, net. 

and Steel • Structures, Twelve- 
trees, 7j. 6</. 
Ironfounding, Horner, 4s. 

Jack's Cooking, 2s. 

Laundry Work, 2J. [each. 

Soups, Fish, and Vegetables, is. 

Jacobi's Printer's Handbook, 5^. 

Vocabulary, 3X. 6d. 

Jukes-Browne's Geolc^, 2s, 6d, 

Kapp's Electric Transmission of 

Enei^, los, 6d. 
Transformers, 6s. 

Lamps, Electric, Maycock, 6s. 

Arc, Smithson, is. 

Land Measuring Tables, 2s. 6d, 

Surveying, Middleton, $s. 

Surveying and Levelling, 

Walmisley, *js. 6d. 

Landolt's Optical Activity and Chemi- 
cal Composition, 4^. 6d. 

Lathes, Horner, 2is. net. 

Laundry Work, Jack, 2s. 

Leather Work, Leland's, $s. 

Leland's Wood-carving, 5^. 

Metal Work, $s. 

Leather Work, 5J. 

Drawing and Designing, 2s, 

Practical Education, 6s. 

Lens Work, Orford, 35. 

Lenses, Photographic, Taylor, 3;. 6d. 

Light, Sir H. T. Wood, 2s. 6d. 

Lightning Conductors, Lodge, 15^. 

Locomotives, Cooke, *js. 6d. 

Practice, Cooke. 

Locomotive Engineer, McDonnell, i;. 

Lodge's Lightnmg Conductors, 155. 

Lopp^ and Bouquet's Alternate 
Currents, los. 6d. 

Lunge and Hurter's Alkali Makers' 
Handbook, lar. 6d. 

McDonnell, How to become a Loco. 

Engineer, is. 
Maginnis' Atlantic Ferry, *js. 6d. 

Bricklaying, *]s. 6d. 

Roof Framing, 51. 

House Framing, 5j. 

Magnetism and Electricity, Ashworth, 

2s. 6d, 



Magnetism and Electricity, Bottone^ 

2s. 6d. 

Houston, p. 6d. 

Maycock, 2s. 6d. 

Manual Instruction and Training. 
Manures, Griffiths, 7^. 6d. [2s. 6d. 
Marine En^eers, advice to, Roberts, 

Drawmg and Designine^ 6s. 

Electric Lighting, Walker, $s. 

Questions and Answers, Waa- 

nan and Sothem, 31. 6d. net. 

Verbal Notes, Sothem, 3J. 6cL 

Marshall's Cakes, is. [ttet. 

Cookery, is. 

Martin's Structures, 45. 
Massee's The Plant World, 2s. 6d. 
Mathematical Tables, Hutton, I2x. 
Mathematics, Elementary, Hatton, 

2s. 6d. 
May's Ballooning, 2^. 6d. \2s. 6d. 
Maycock's Electricity and Magnetism, 

Electric Lighting, 6s. \2s. 6d. 

Alternating Current Circuit, 

Electric Wiring, Fittings, 

Switches, and Lamps, dr. 

Details Forms, 2s. 6d. net. 
Electric Wiring Tables, y. 6d. 



Measurements, Electrical, Crapper, 

Houston, $s. \2s. 6d. 

Mecham'cal Tables, Foden, is. 6d, 

Mechanical Engineer's Pocket Book, 
Ss. 

Medical Terms, Hoblyn, los. 6d. 

Merrill's Electric Lighting Speci- 
fications, 7^. 6d, 

Tables for Street Railway 

Engineers, Ss. 

Metal Turning, Homer, 45. 

Work, Leland, $s. 

Metric System, WagstafT, is. 6d. 

Measures, Bom, 31. 

Middleton's Surveying, 5^. 

Mill Work, Sutcliflfe, 21s. [15J. 

Miller's American Telephone Practice, 

Millinery, Ortner, 2s. 6d. 

Mine, Coal, Boyd, *js. 6d. 

Mineralogy, Hatch, 2s. 6d, 

Model Engine Making, lOr. 6^ 

Modem Safety Bicycle, Garratt, y. 

Moffett's Altemate Currents, 10s. 6d, 

Motor Cars, Farman, 5^. 

Motors, Electro, Bottone, y. 

Houston, 5j. 

Hydraulic, Bodmer, i^s* 

Municipal Electricity Supply, C 
bings, los. 6d. 
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Nadi^ine, Drainage, is. 
Neumann's Electrolytic Analysis, 6s, 
NicfaoU's Agricultnral Engineering in 
India, 3^. 6d. 

Optical Activity and Chemical Com- 
position, Landolt, 4r. 6(i, 

Optical Instruments, Orford, 2s, 6d, 

Optics of Photography, Taylor, 3^. 6d. 

Orford*s Lens Work, 31. 

Optical Instruments, 2s, 6d. 

Organic Chemical Manipcdation, 
Hewitt, 4s. 6d, 

Ortner's Millinery, 2s, 6d. 

Parham and Shedd's Dynamo Testing, 

12s. 6d. 
Parkhurst's Dynamo Building, 5;. 
Patenting Inventions, 2s, 6d. net. 
Pattern Making, Homer, y, 6d, 
Periodic Classification and Chemical 

Evolution, Rudorf, 4s, 6d. 
Perry's Electric Railway Motors, 5^. 
Petroleum, Boyd, 2s. 
Photographic Lenses, Taylor, 35. 6d. 
Physi<3j Chemistry, Reychler, 4J. 6^. 
Pickworth's Indicator, 2 vols., 31. 

each, net. 

Slide Rule, 2s. 

Plant World, Massee, 2s. 6d. 
Plant^'s Electric Storage, 12s. 
Ponce de Leon's Spanish Techno- 
logical Dictionary. 2 Vols. 3/. Ss. 

net. 
Poole's Telephone Handbook, 55. 
Practical Education, Leland, 6s. 
Pratt and Alden's Street RaUroad 

Bed, los. 
Preece's Telephony, 15J. 
Price's Hoblyn's Dictionary of Medical 

Terms, lOj. 6d. 
Printer's Handbook, Jacobi, $s. 

Quadruplex, Mavor, 7x. 6^. 
Quantities, Davis, y, 6d. 
Questions in Typography, 6d. 

Radiography, Bottone, 3^. 

Railway Management, Findlay, *js,'6d. 

Material Inspection, Bodmer. 

Vocab., French-English, 'js. 6d. 

Electric, Hering, 5j. [net. 

Herrick, 151. 

Repouss^, Leland, 51. 

Reychler's Physical Chemistry, 4^. 6d. 

Road Construction, Greenwell, 5j. 



Roberts* Drawing for Marine Engin- 
eers, 6s, 

Advice to Marine Eng., 2s, 6d. 

Rontgen's X Rays, Bottone, 31. 

Roof Framing, Maginnis, %s. 

Rudorf's Periodic Classification and 
Chemical Evolution, 4s, 6d, 

Russell's Electric Cables, lor. 6d, 

Safety Bicycle, Garratt, 31. [tions. 

Salomons' Electric Light Installa- 
Vol. I., Accumulators, $s. 
Vol. II., Apparatus, 7^. 6d, 
Vol. III.. Applications, 5j. 

Sanitarv Drainage, is, 

Fittings, Sutcliffe, 5j. [is, net. 

School Calendar, Scholarships, &c., 

Screw Propulsion, Taylor, i$s. 

Serraillier's Railway Vocab., French 
and English, *js, 6d. net 

Sewage Treatment, Slater, 6s. 

Shepardson's Electrical Catechism, 
\os. 

Ships' Resistance, Taylor, 15;. 

Slater's Sewage Treatment, 6s. 
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